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Abstract 

Ventricular  assist  devices  (V ADs)  <^er  a  vital  option  to  seyacfy  compromised 
cardiac  patients.  ^  maintaining  perfusion  dnoug^iout  die  bod|y,  VADs  allow 
necessary  time  for  recovery  or  retrieval  of  a  donor  heart  Patient  selection  is 
iriipecative  for  podtive  patient  outooines  arid  cost  CGntahunent  The  tinee  designs 
of  VADs  include  die  roller  pun^  centrifugal  punq^  and  pneumatic  punq>.  The 
pneumatic  puny  offers  die  most  hope  in  die  devdopment  of  a  permanent  device. 
Evaluation  of  both  (he  patient  and  the  device  determines  die  effectiveness  of 
tieatmeritaiklultiiiiatielypatieritautootne.  Advanced  nursing  practice 
incorporates  die  five  ndes  of  die  clinical  nurse  yedaHst  to  provide  optimal  and 
hidistic  cate  for  die  imique  VAD  patient  population. 


VADs 

6 


CHAPTERl 

Overview 

Matorical  Perq)ecdve 

Ptoviding  tenqwniy  drculatoiy  support  in  seveidy  conqjtomised  cardiac 
padeols  can  meaii  the  ^ffenoces  between  life  and  deadL  Ventricular  assist 
devices  are  a  dramatic  dumge  fion  days  when  treatment  for  heart  failure  was 
bedrest  and  digitalis  (Quaal,  1991).  Rqaddevdopmentincirculatcrysi^iport 
to(dt  {dace  after  die  Ascovety  of  hqMtin  by  Hofwd  in  1916.  Hqsarin  is  essential 
to  minimize  die  risk  of  Mood  clot  formation  during  extracorporeal  drculadon. 
The  first  successful  human  qn^catioD  erf  a  mechanical  circulatory  device  was  in 
1954  by  Joim  Gibbon  (Rutan,  1991;  Permington,  1990).  Partial  siqipott 
teclindogy  qipeared  in  1962  widi  die  introduction  of  die  intia-aoetic  balloon 
punqi(IABP).  The  lABP  is  today  die  most  predominantly  used  mediod  of 
medianical  support  Statistics  indcate  it  is  used  in  four  to  five  percent  in  die 
postcardiotonqr  patients  (Peoningten  et  aL,  1S189X  The  lABP  augments  die 
cardb»  output  iq>  to  fifteen  percent  over  normal  flow  rate.  TheprcMemisidien 
partial  siyport  is  not  enough  to  maintain  adequate  circulation  for  die  patient  to 
survive.  A  more  complete  form  of  diculaloty  assistanoe  is  provided  widi  a 
Ventricular  AariatDctvioe(VAD).  Ctiirical  trials  for  VADs  started  in  1975. 
Ventricular  assist  devices  offer  a  necessary,  more  conqnfaensive  ahemative 
treatment  to  die  mam^engent  of  canftacfidlnreiefiactory  to  phamiacdopcal 
s^jport  and  intraraortic  balloon  pulsations. 

NwdfirVADTcdMiQlQgy 

Heart  disease  oantimes  to  be  die  leading  die  cause  of  deadi  in  die  United 
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States  (Naticoal  Center  for  Health  Statistics,  personal  communication,  Fdxuaiy 
12, 1993).  Approximately  1.S  millicn  Americans  suffer  a  myocardial  infarction 
(MDO  each  year.  Of  die  U  mfllion,  approximate^  540,000  peoffe  die  (Woods  & 
Undertiill,  1989).  IheCenter  for  Disease  CoiitrolrqwrtB  in  1986,  twenty-eight 
percent  of  total  deaths  in  die  IMted  States  were  due  to  coronary  heart  disease 
(CDC,  1989). 

Two  comidicatiionsooettmanfy  associated  widiNDs  and  coronary  artery 
^sease  are  cardiogenic  shock  and  congestive  heart  future.  Ten  to  twenty  percent 
of  people  suffer  a  MI  devdopcarfiogenicflliodL  The  mortal  rate 

assodatedwidicantiogerdc  shock  remains  over  eighty  percent  ^ioveys^  1989). 
Anodierootmnanoonqdication  is  die  risk  of  developing  heart  fBdture.  TUrtyto 
sixty  percent  of  MI  patients  suffer  heart  faSure  (Laurent -Bo^  1989).  Theteare 
four  daases  of  heart  fidhire,  according  to  die  New  York  Assodation  Cardiac 
Status  and  Prognosis  ChstificidonqrBtenL  Eadidass  identifies  die  cardiac 
status  widi  die  asaodated  prognosis.  Class  one  is  a  person  widi  an 
unoompromiaed  cardiac  status  having  a  good  prognosis.  The  prognods  is  worse 
widi  eadi  subsequent  class.  Class  four  is  die  group  of  patients  vdiorety  on  die 
poss&tOity  of  a  future  heart  tranqdaDt  in  Older  to  five. 

A  limiting  factor  to  die  tranqdant  option  is  die  significant  diortage  of  donor 
organs  for  tranqidantationffriett  A  Kaye,  199C^.  The  need  for  donor  hearts  fiv 
outteachesdiesiqii^availsfale.  Estimated  need  for  csrAactrsn^dants  in  die 
UdtedStsles  alone  is  cuncndy  between  fifteen  to  diittydiousand,wliileonty 
two  to  dgeedKasand  potential  donor  hearts  are  availaMe(SirnpBon,  1990).  An 
avenge  wdting  period  for  a  donor  heart  is  dnee  to  six  mondis(Smp8on,  199(h 
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Ruzevidi  et  aL ,  1989).  Many  patkots^  during  the  long  waidng  period  or 
8u£Fer  bxevefsiUe  fayuiy  to  vital  ctgans  wiikfa  makes  diem  no  IcngCT  cHgjUe  for 
tiaoqdantatioa  (Reedy  et  aL ,  1989). 

The  ladt  of  availaUe  donor  hearts  identifies  die  need  for  an  attemative 
treatment  (^on.  Ventricular  assist  devices  can  provide  patients  total  ciiculatofy 
support  during  the  wait  for  a  cardiac  tranq[dant.  VADs  not  onty  maintain 
adequate  drcuktion  in  die  interim  hut  restore  an  optimal  level  of  heaMi  to 
padcQts  what's  healdi  has  sloariy  deteriorated  doe  t&livmg  widi  a  poor  or  marpnal 
canhacfuncdon.  nw^^ng  rrf  frt 

^evahnUethiie  for  a  donor  heart  to  be  found.  Admowle^fog  the  severe 
donor  ahorti^  widi  die  lri|^  need  for  car^ac  tran^dantadon  airports  die 
research  priority  of  seddng  a  permanent  artificial  device  as  die  s<Aition  to  the 
lack  of  donor  hearts. 

Anodier  jasdficarion  for  uring  VADs  md  die  goal  of  developing  a  permanent 
artificial  heart  rdates  to  die  cost  of  caring  for  padents  widi  cardiovascular  dsease. 
Heart  disease  is  one  of  die  two  kaffing  causes  of  boqatal  admissions  in  1990 
(CDQ1992).  This  residls  in  one  hundred  and  fifteen  days  of  care  per  1000 
required  for  heart  Aseaae  alone.  Looldiigattiienoverage6S,dienimiberaf 
required  hnq;Aalired  days  hinrasrs  to  639 per  1000  ^utsn,lS91).  %art 
dacaaeconsumesalarge  pordonofdiBnatkxfsmeificalreaoatoea.  An 
ertfanated  eleven  percent  of  die  Oroaa  National  Product  is  preacndy  qient  on 
heaMieapenditiireafCDQ  1992).  Reducing  dm  manber  of  hoq>italdiya» 
decreashig  die  amount  of  reaouroei  consumed  pinajugaoving  die  quality  of  life 
forend^tageheartedaeaseisa  wordiwfafle  goal  Ventricular  asristdevioea  are 
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tfw  stqipiag  Btooes  to  finding  diat  sotu^ 

Physiology  Alteration  Necessitathig  VAD  Support 

Thmntically,  die  VAD  ^es  die  heart  time  to  rest  and  poteotialfy  recover 
^xdiilemaintainhig  adequate  drculatioii  for  all  vital  organs.  ImiMdred  cdhilar 
perfusion  results  in  anaerobe  metabolism  and  triggers  the  release  of  mediators 
causing  findier  if^uiy  to  die  oelL die  cyde  of  ii^uiy  is  not  interrupted,  nmll^e 
system  organ  ftJlure(MSOF)  results.  The  mortality  for  a  dngle  organ 
dtysfunction  is  diiity  percent  Mortafity  rises  as  more  organ  tystemsfidL  Wldi 
failure  of  four  organ  tystem,  die  mortality  rate  is  one  hundred  percent  (Ayres^ 
Sddidlig,  &  Sterling,  1988).  These  mortality  stadsdcsOlustratB  die  importance 
ofrestoring  adequate  drculation  to  all  organ  systenos  before  die  dami^  is 
irrevasOde.  Ventiicolar  assist  devices  restore  ade^istediculation  and  break  the 
deadly  cyde. 

The  VAD  perforins  two  fityddog^caliuncdons:  1)  to  augment  die  systemic 
blood  flow,  and  to  2)  unload  die  venlride.  The  device  functions  by  pumping  die 
Uood,  alimenting  total  Mood  flow.  By  die  VAD  performing  die  ventricular 
work  of  tystofe,  die  energy  demand  pboed  on  die  injured  veniride  is  reduced. 
The  second  function  is  to  ^unload*  diBvcnliide.  This  term  refers  to  decrearing 
die  volmne  of  Hood  returning  to  die  h^uredventride.  Rfty  to  seventy-five 
percent  of  die  Mood  flow  is  ifivcidog  daougli  die  VAD,  reducing  die  amount  of 
biood  pimyed  by  die  impaired  ventride.  Again,  less  blood  being  punqied  by  die 
impaired  ventride  equates  widi  leas  energy  and  oatygenreqidreinenls.  The 
reduction  in  energy  requirements  allows  die  injured  heart  to  potentially  recover 
ficmdieiiiBulL  By  incteadiig  die  oxygen  sqiptynd^v  reducing  die  myocardal 
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oo^geo  demands,  momoj^genispfovidedtodieiiyijredcellsdiiisndudngdie 
iM£nl«iiA>  of  myocardial  injiny  (Pomock,  Pae,  Pierce,  &  Waldhausen,  1979). 
Bagar  (1985)  iqwited  finings  to  ayportPeanodc*gworic.  Fanarnoteda 
lediictiaa  in  damage  from  myocardial  infieoctioo  and  isdiemic  tissue  damage 
reversed  wito  tibe  use  of  a  ventricular  assist  device. 

Car^ac  oii^iut  is  determined  1^  die  strcdcB  volume  times  toe  heart  rate. 
Frdoad,afierioad,  and  oontiactility  influence  strcAe  volume.  The  ventricular 
asrist  device  opdnrizea  prdoad  and  afterioad  by  ac^usting  toe  flow  to  maintain  die 
left  atrial  pressure  between  4  and  12  mmHgCLitadketaL,  1978).  Contractility  is 
pi»rfnrtn#xt  nr  iignvntiwH  hy  Aa  MaAtf  fVivioiL  TbeVCUtrides  function 

KvhtM»*nnrtyn«m4r  htteracrinn 

OEbeetyetaL,  199(HPnnffet>l.,  1985).  Tim  hemodtyDsmicaqwct  reflects  toe 
in^eries  nature  of  drculation.  Output  of  one  ventridb  becomes  the  input  of  die 
odier.  A  balance  needs  to  be  preserved  vdienuring  assist  devices  between  dm 
assisted  ventricular  outyut  and  dm  unassisted  ventricular  outyuL  Outyutofdm 
assist  device  can  never  exceed  dm  natural  heaitfs  unassisted  veniride.  Tbe 
medwnical  interaction  involvea  dm  coityifag  between  dm  ventiidea.  Boto 
ventridea  share  dm  intervmtriqiiar  septum  and  dm  common  muscle  fibers  diat 
commet  dm  fiee  wan  of  dm  li^  ventricle  to  dm  left  ventiide.  Qmngesindm 

iw»>-vrJnnn^  «riiTipH»ncf>  4n 

veniridB  (Fsnai^  1985). 

Ibeprindide  behind  VAD  support  is  flow  assistanoe.  A  VAD  can  assist, 
<iriin<«Iiytw|ilaee  toe  wnAnf  an  impdaad  heart.  lUs  is  different  from 
toe  intRHKxtic  baDoon  pump  (lABP)  atoidi  uses  toe  principle  of  pressure 
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awdstance  to  augment  tfie  cardiac  output  Pressure  assistance  aids  die  wofk  of 
systdie  for  die  native  heart,  but  die  native  heart  sdU  must  geaetate  systcde 
(Ruzevidi  et  aL ,  1S^8).  Toooin|)aredieIABPtodieVAD,dieIABPcan 
sugm^t  die  cardiac  ouQmtamaximumof  ISpexcent^^edie  VADcan 
completely  siqipott  diculatka  even  during  qrisodes  of  ventricular  tachycardia  or 
ventricular fibtillatioa (McKay etaL,  1991).  Astudydioiweddie  VADtobe 
superior  to  the  lABP  in  preserving  nqrocardial  structure  and  function 
(NfickkhorouglietaL,  1987).  The  VAD  demonstrated  die  abiH^  to  preserve 
structural  int^iity  (a  smaller  percentage  of  myocardiainecaods)  in  ontydnee 
hours  of  si^jpoft  as  oon^ared  to  lAl^  support  Bodi  gratis  exhibited  staMe 
hemodynamic  parameters.  The  reducdon  in  nyocar^  necrosis  fitom  VAD 
siqiport  as  coiiqiared  to  lABP  siqjport  couM  mean  dre  difference  betareen  fife  or 
deadi. 

Qnah  nf  VAD  Support 

The  goal  of  any  daculatoiy  assist  device  is  to  arrest  deterioration  and  to 
stdiilize  die  hemodtyiiamicoao^an  of  die  person.  VentricalBr  assist  devices  are 
a  temporary  mediod  to  siyportdiculation  until  die  heart  recovers  or  die  logistics 
of  cardiac  transfdantadon  can  be  arranged.  Pwsendy,  a  permanent  device  is  not 
atvaiUUe.  Patients  are  riot  carididde  for  cardiac  trmi^ilantatiflnahould  riot  be 

fdaoed  on  VAD  siqipoft 
lodfldkiiB 

The  patient  populatioa  benefidng  from  VAD  siyport  fdl  into  three  broad 
categories.  The  first  groqp  of  patients  are  those  post  cardiotonaydiat  cannot  be 
weaned  off  cardiopohaonary  bypass  (CPB)  or  deteriorate  after  being  weaned  off 
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CFB.  TUsccn^rises  1  to4  %  cfanpadealBW^haveopenheaftsiirgeiy.  Hie 
second  grotqi  of  patients  are  ttiose  in  cardiogenic  cbock  foOowing  an  acute 
myocardial  infiRiction.  The  ddrd  group  are  patients  suffering  from  seven 
cardiamyopalhy.  hi  this  case,  die  VAD  is  used  in  tianrition  until  die  patient  can 
receive  a  cardiac  tianqdantadan.  PadentsusingdieVADasintiansitianora 
bri(^  an  referred  to  as  Bridge  to  Hanqdtmt  patients. 

PitWSA>rri«n 

Cost  coodmies  to  be  a  considention  in  diese  tou^  economic  times  of  cost 
contahunenL  ThehighcostofVAD  technology  limits  die  use  of  VADs  only  to 
die  patients  who  have  a  reasondde  chance  for  a  poridve  outcome.  Sclecdonof 
padenis  adio  would  potentially  benefit  Cram  diose  adiD  would  not  benefit  from  a 
ventricular  assist  device  is  necessary  to  prevent  oos^»  ineffective  udfiadon  of 
limiled resources  (Ckd^ngetaL,  1992; GrinesetaL,  1985).  TheabOilyto 
pnedet  probaMe  poridve  ontcomes  allows  a  man  retrievable  and  eddcally 
aooqSaUe  group  of  padents  to  siqipottwidiVAD  technology.  Adassicatu^by 
Nonnan  (1977)  guides  sdecdon  of  padeots  most  dkefy  to  survive  with  VAD 
sifpoft  Certain  chronic  illnesaes  limit  die  success  of  VADsiqipoft  Ejumqiles 
of  iltaess  diat  exdude  using  a  VAD  for  support  an  dnonic  renal  failure^ 
permanent  central  nervous  qrrtem  diaeaae»  cancer  widimetastasia,  seven  hepatic 
dbeasc^significaDt Mood dyscraria, seven pulmonaiydsease*  sqiria^ormult^ 
ayatemorgimfoilure.  ff  die  padent  had  open  heart  surgery,  die  origiiial  surgical 
procedun  must  be  technically  sadafoctory  to  consider  uringVAD  technology. 

Odierconsidetations  Inuring  VADs  Is  die  slae  and  dm  age  of  die  padenL 
Patients  adio  have  a  body  suifooe  area  leas  dian  1.0  m2  pose  a  problem  widi  die 
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fit  of  die  device.  Smaller  devices  are  on  the  horizoD»  but  are  yet  still  unavaUable 
atmostinstitiiticns.  Age  has  been  discussed  as  an  exchiaoncriterioD  for  using 
diisdevioe.  Oeneraltynooneoverdieageof  70  is  considered  a  suitaUe 
candidate  for  a  VAD.  The  rationale  for  die  age  restriction  stems  from  die 
increased  mortality  rate  <rf  dda  patients  witii  VADs.  After  age  70^  die  overall 
survival  rate  falls  to  10.2  pereeotoonqMred  to  die  survival  rate  of  34.4  percent  if 
under  die  age  of  60  (KGller,Pae^& Pierce^  199(Q.  The  final  dedsion  is  n^otiaUe 
if  die  physiological  age  is  fflucfa  younger  than  die  chrondogical  age  (Pennington, 
1990). 

Inchidon  criteria  revolves  primarily  around  die  hemoj^mamic  status  of  die 
paticnL  Ventricular  fidhire  warrants  die  insertion  of  a  VAD.  fiidcations  are  die 
padenfs  mean  arterial  pressure  is  less  dian  60  mml^  cardac  index  less  diat  2 
liters/min^ml;  atrial  pressure  greater  dam  20  mmHg;  systemic  vascular  reaistaoce 
greater  dian  2100  dynes/sec/cmS,  and  urine  output  less  dian  20  nd/hr.  Another 
dierpyeutic  interventions,  such  as  maximum  phannacoio^caltfaen^,  optimal 
fluid  status,  adequate  heart  rate  (pacing  if  needed)  and  use  of  a  iatra-aorticbanooD 
puny  Qf  appropriate)  are  unsuooeaafiil  at  maintaining  adequate  perfusion  under 
die  above  oonfidons.  Early  VAD  interveation  is  credited  potentially  to  inqxove 
diesnrvival  rate (Middcborou^etaL,  1987; ZmnbtpetaL,  1987; SchoenetaL 
,  198<H  Neman  et  ah,  1977).  Threap  a  retroqiectiveiieedaiialyris  for 
mechanical  drculatocy  import,  only  one  percent  of  patients  poatcardotomy 
receive  VAD  (McOeeetaL,  1980).  This  stud^poatulated  die  need  is  actually 
doaer  to  dnee  percent,  indicatiiig  VAD  techndogy  is  not  being  used  to  it's  full 
potential. 
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Survival  rate  assodated  witti  VADs  range  from  ttmty  to  focly  peicent  for 
postcaittiotomy  patients  (Ptenningtan,  1000).  lfusedasabridgetotianq>lant,the 
survival  rate  inoeases  to  a  range  of  d^ity  to  dg^-five  percent  (Pamington, 
1990).  A  poor  prognosis  is  given  to  a  VAD  patient  if  die  hemo^mamic  status 
does  not  improve  witfrin  48  to  72  hours  after  initiating  support  (litwik,  1985). 
Oftier  negative  indicators  for  survival  include  biventricular  failure,  acute  renal 
frdture,atidpexiKjperativeitifrtclionQ^ifilkr,Pae,&nerce^  199(HPenmnglcnet 
aL,  1989;  ZumibroetaL,  1987).  Bhreotxicularfidlute  is  a  result  of  a  pre-existing 
oontitton  in  toe  unassisted  ventricle  unveiled  fay  VADsqjport  Renal 
dysfunction  is  die  most  significant  prognostic  negative  indicator  of  survival 
during  VADsiq>port(Oddingetal,  1992).  Peri-operative  infarction  is  toought  to 
be  toiec^  rdated  to  toe  severe  ^oibal  nyocardiBl  iadbemia  during 
cartoopuhnonary  bypass  edudi  vtoen  toe  osqrgenaled  flow  is  restored  results  in 
rqwrfusiattii^uiyfSdioeaetaL,  1986).  Rre^ieot  causes  of  deatowitoVAD 
patiente  are  myocardial  necrosis,  hemonbage,  or  infection  (Golding  et  al,  1992; 
Pkaoe  et  aL ,  1989;  GrifiBto  et  aL ,  1988;  N^ride  et  aL ,  1987;  &  Sdioen  et  aL , 
1986). 


b  summary,  heart  toaease  affects  mOHonB  of  people  each  year.  Rcostsaodety 
billions  of  doDats.  Ventricular  assist  devices  provide  floar  assistance  to  support 
toecitouhdionandpteveritotgisiqrstemftdlute.  Necessary  tone  is  ^ven  by  a 
VAP  for  toe  native  myocardbim  to  regain  fipcton  or  for  a  donor  heart  to  be 
found.  Tbe  need  for  a  permanent  aitifldal  device  is  apparent,  especially  in  Hgbt 
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of  die  cumotdcncr  heart  shcftag^  Ventricular  assist  devices  are  in  die  cfioical 
trialpliase.  Research  is  descriptive  in  nature,  listing  die  cooqdicatiGos  and  patient 
outcomes.  The  use  of  registries  and  multi-centered  studies  help  estaUirii 
standards  of  care  and  proCoods  for  VAD  patients  by  increadng  die  sam^ 
population.  As  die  device  is  used  more  tiequentfy  and  for  extended  periods  of 
time,  more  detailed  studies  win  be  obtained.  Presendy,  indications  for  patient 
selection  guides  VAD  utflization. 


VADs 

16 


C31AFTER2 

Designs  of  VADs 

Vcpltteularaadst  devices  consist  offeree  components;  l)feeUoodpiiiiq>and 
Camillas;  2)  fee  energy  source;  and  3)  fee  conade  to  monitor  fee  systeaL 
Ventricuiar  asast  devices  can  be  divided  into  external  verses  intemal  designs  in 
regards  to  where  fee  device  is  ]daoed.  Exanqdes  of  external  VADs  are  fee  rdkr 
punq),  fee  centrifugal  pump,  and  fee  rnwimaric  punq).  The  pump  remains  outdde 
wife  fee  cannulas  entering  fee  body.  Internal  VADs  are  primaiify  pneumatic  in 
design  but  fee  pump  and  cannnlBs  are  located  wifein  fee  bodjy.  Theptimaiy 
advantage  to  internal  VADs  is  a  reduced  risk  for  infecdoTL  Abrirfdescr^itionof 
eadi  Qrpe  ventricular  assist  system  wMi  fee  advantages  and  fesadvamages  is 
given. 

Roller  Pump  System 

A  idler  puny  fimctiflnsacoorfeng  to  fee  principle  of  positive  displacement 
(Engiife,  1989).  Uood  is  puelied  forward  by  conyteasing  fee  tubing  wife  a 
roller  at  a  continuous,  non-pulsadlc  rate.  Ixw  volumes  ofblood  are  moved  by 
Ughivenures.  Carfeacouyut  or  fkw  rates  are  contrdled  by  fee  pumifs  rotation 
speed,  increaeing  fee  rodaion  to  jncreaBe  die  flow  rate.  The  nuudmum  flow  rate  is 
6L/miii,fee  average  rate  ranging  between  2  arid  4  L/niin.  tf  fee  flow  rate  is  set 
too  Ugb>  fee  drium  cm  cdhyse  due  to  a  vacuum  effect  fiom  fee  device. 
feadequatefilHiig  of  fee  venliideB  will  result  in  a  decreased  cardiac  ouyuL  Iffee 
flow  rate  is  set  too  low,  feroaofausformaticniaHkBfy  to  occur.  Anexanyleofa 

trJW  pwnp  tWtgn  ^mnAmrA  fwtinpilmoiwy  Hyp— 


VADs 

17 


Advantages  to  Uie  roller  aystem  is  die  simple  design,  die  most  inexpensive 
system  to  use  and  wideqxeadavailiMiity.  Disadvaidages  indude  hemcdysis  of 
die  red  blood  cells  due  to  die  hig^  pressures,  potential  for  air  embdi  and  a 
dangerous  txdld^  of  outflow  pressures.  Heparinizidion  is  required  wididds 
design  to  preveiitdirombusfoRnadoiL  lUs  system  is  best  suitaUe  for  sfaort-term 
iqiplicadaiL  Honc^sis  and  coagulopaddes  become  a  signiiicantproldmnwidi 
kog-term  use  of  a  rdler  qrstem. 

litwik  (198S),  designer  of  die  rdler  punq^  added  a  imique  feature  to  dds 
qfstem.  Now  the  puriq)  can  be  dacondrniedwidiout  re-entry  into  die  cfaesL 
Litwik  feds  dus  is  a  major  advantage  in  redodng  die  stress  a  second  operative 
procedure  causes.  Obturators  are  fdacediiisidebiocoii^atible  cannulas  to 
p«>nnanently  neehiAt  Hii».  gtitmliia.  Documentadon  supports  die  USe 
biocompatiMc  obturated  cannulas  remafaihvg  in  d»  body  for  ten  years  of  dinical 
fdkiwHqi  (litwik,  1985).  Tberdlerpunqi  is  die  onfy  system  to  offer  disfeature, 
rentrifiigal  Pump  Syrtem 

Ibe  centrifi^al  punqi  uses  die  princ^de  of  kinetic  energy  to  push  die  Uood 
forward  in  a  nonrpnbatilefkyw.  Kinetic  energy  is  created  by  die  rotadon  of  two 
magnetic  cones  diat  create  a  yortex  or  tomado-like^eGt^folford,  1987).  Tbe 
q;ieed  of  die  fnnqi  regulates  die  centrift^  force  exerted  to  maintain  bloodflow. 
Tbe  greater  die  qieed,  die  greater  die  force  wfakli  resulls  in  a  greater  ouqait  fitom 
diepunq>(SUno,  1989). 

Tbe  centrifugal  puny  is  demand-reqioosive  adjusting  the  energy  to  the 
presanre  arid  vdunaewidiin  die  qrateni.  bis  designed  to  move  large  vrdumes  of 
Uoodtjutatlowpresaures.  An  increase  in  pressure  results  in  an  automatic 
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decrease  in  die  flow  fate.  A  demand-respoosive  system  etiminates  tibe  drtrimcntal 
effect  of  Ug^pfessures  on  red  Uood  cells.  In  response  to  vohnne^  flow  adjusts  to 
die  amount  of  Mood  returning  to  die  system.  Essentially,  die  centrifugal  punqi 
maintains  a  constant  pressure  ovCT  a  wide  range  of  flow  rates  (Ruzevich,  1991). 
Flow  rates  range  from  3.S  to  4  L/min  widi  die  centrifugal  qratean. 

Advantages  of  die  centrifugal  pun^  design  are  a  decreased  risk  for  air  embdi 
or  pressure  build-iq)  due  to  the  denumd-re^xansive  deagn  of  the  system.  Hie 
danand-reqxnrivederign  also  decreases  hemofyris.  It  is  a  simple  design  widi 
wideqxead  availability.  Centrifugal  punps  are  reiadvety  inexpensive^  costing 
$1 1,000  for  die  monitaciiig  oonscde  and  $150  par  each  diqxisdde  punqi  head 
(&nidi&Cleavinger,  1991).  Punqi  heads  are  diangedeveiy  24  to  48  hours. 
Anodier  advantage  to  die  centrifugal  system  is  diat  dioe  is  no  size  limitadons  for 
pademsdecdon.  A  SO  nd  or  an  80  ml  pump  head  allows  for  eidier  adult  or 
pediatric  patients.  KvcntrkulBrsippoftcanbeaocomididiedbyuaiigtwo 
centrifugal  punpaystems.  The  final  advantage  is  die  ben^  of  leaving  die  native 
hentinplaoe.  lUs  benefit  allows  a  posribility  for  die  native  heart  to  r^ain  some 
degree  of  funcdoo  if  die  padent  becomes  ineiigilde  for  trareplantation.  ffdie 
native  heart  is  surgically  removed  and  die  padent  becomes  ineligiUe  for  a  canfiac 
tianplant,  die  padent  has  no  chance  for  survivd  ^umfaro  et  aL ,  1987). 

The  major  dsadvantage  of  die  centrifugal  system  is  die  nonpubadle  flow 
adrich  requins  die  use  of  an  inIraHKXtic  balloon  punp  to  create  physiologic 
puladiao.  Benefits  of  a  pulsatile  flow  has  been  shown  to  iiipcovelddocy 
pesfudon,  decrease  pettyhenl  vascular  resistance,  and  increase  systemic 
circulation  (MarchetteetaL,  1988).  Non^pubdile  flow  results  in 
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mkiociiciilatofy  shunting  and  edema  fonnadcn  (Ruzevich,  1991).  By  using  die 
lABP  widi  die  centrifugal  pun^  problems  lesultmg  from  a  non-pulsadle  VAD 
aremiidmaL  Ncn-pulsadve  flow  leaurfaoea  as  a  problem  if  die  lABP  cannot  be 
insearted  due  to  sevoepeipherial  vascular  disease  (Litwik  et  aL,  1S>85).  Anodier 
disadvantage  to  die  centrifugal  system  is  die  restricted  mobility  due  to  die 
inability  to  dose  die  sternum  post-insertion  die  canmilas. 

Hqiarinization  is  not  reqinred  widi  the  centrifugal  system  if  die  flow  rates  are 
greater  dum  2  L/min(Mag0venidaL,  1985).  IB^  flow  rates  result  in  bemt^rtis 
of  red  Uood  cells  widi  die  centrifi^  pump.  The  goal  is  to  maintain  flow  rate 
widdn  an  ideal  range  to  optimize  die  ben^ts  of  die  centrifugal  punqi. 

Centiifi^  pun^  are  used  as  a  dKxt-tetm  assist  device ,  providing  a  better  flow 
rate  dun  die  rdlersystanwidi  fewer  compbcatloos.  Exanqdes  of  centrift^ 
devices  are  die  BiomecHcusponty^  Centrimed,  or  die  Medtronic.  (Seefigurel) 

Pnaimiiric  Pump  Svrtam 

Btieumatic  assist  devices  are  a  pulsatile,  air-driven  pump.  Ibesao-like 
dumdiCT  uses  a  tHi^teagm  to  sqwrate  die  Mood  from  die  compressed  air.  Ihe 
(fiiphragm  eaqumds  or  compresses  widi  die  movemem  of  pressurized  air.  Positive 
air  pressure  compresses  die  sac,  causing  die  Mood  to  be  ejected  into  die  systemic 
droulatko.  N^ative  pressure  can  be  added  doting  diastMe  to  ciqiand  die  qiace 
in  die  ebamber  healing  to  fin  more  easity.  Tbe  flow  of  die  Mood  is  directed  by 
die  mecbanical  valves  in  die  device.  Maximum  flow  rate  is  6.5  L/ndn.  Two 
energy  sources  ate  needed  to  tun  die  pneumatic  tystem.  One  energy  souroe  is 
compressed  air  needed  to  cMbpae  and  ezpand  die  dbfiiragm.  Tbe  odier  energy 
source  is  electrical  power  to  operate  die  consMe. 
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Modes  of  opening  the  pneumadcpun^aie:  l)afixed-xateiiiode,2)afill-to- 
eii)ptyiiiodevaiid3)dieEOG8yiidironizatioDmode.  Thefixed-ntemodeis 
asyDdmxioiiswiditfieiiitiiiisicdqrdimofdieheait  lUs  mode  is  used  \^ie& 
hwriaring  tfte  ventricular  siqipnrt  of  during  tfwi  weaning  phase.  The  fill-to-ea]|)ty 
mode  mamtaitiK  dm  same  stroke  volume  fortfaepadesideqiite  chan^  in  heart 
late.  This  mediod  is  die  mode  choice  for  managing  VADpatkotsclinicaify 
diice  die  VAD  late  arid  output  automatically  adjust  to  die  varying  venous  return 
(Ley,  1991).  The  diird  method  is  die  ECO  ^nchronization  mode,  using  die  R 
wave  of  die  QRS  ocm^ex  tosi^uddiepump.  Wididusmode^dieiateof 
vcnMcuIarassistarKX  can  be  adjusted  much  like  the  intra-aorticballoop  puny  to 
every  second,  ddid  or  fouidi  beat  TheECOmodeisanodiesmediodtowean 
patients  firom  die  VAD. 

A  major  advantage  of  die  pneumatic  pump  system  is  die  pulsatflcfkiwvddcfa 
allows  for  long  term  support  It  provides  siqmior  flow  rates  ovct  die  idler 
system  or  die  centrifugal  qrstenL  The  pneumaric  system  does  not  reffljpe 
anticoagulants,  but  is  recommended  during  die  weaning  process  if  flow  rates  are 
less  dun  2.SL/min  (Barden &Lee^  1990).  The  pneumatic  pun^  can  provide 
biventricular  siqipoitwidi  die  use  of  two  punqi  heads.  External  pneumatic  VADs 
leave  die  heart  in  {dace  to  allow  an  attemate  treatment  0an  if  needed. 

Diaadvantages  widi  die  pneumatic  qrstem  indude  die  com|dex  nature  of  die 
qrstem  design,  die  need  for  an  invesdgadonal  device  evaluation  (EMB), 
ooruidecddeeiqiense^  and  die  limited  avaflabOily.  An  invesdgational  device 
evaluation  is  reqidred  to  be  sulanitted  to  die  Food  and  Drug  Administration  to 
ensure  appropriate  use  of  die  device.  Devices  wfakfa  existed  before  1976,  such  as 
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the  loUer  and  die  ccotrifiigid  pun^  aystein,  do  not  requiie  an  IDE  i^licatioci 
(Smidi&Qeavinger,  1991;Cleaviiiger  etaL»1989).  The  need  for  an 
i^ifdicatioQ  Ifanits  die  nundwr  of  centeta  eliglUe  forusing  the  pneumatk  aa^ 
device  tedmcdogy.  The  cost  of  a  extonalpneumadc  assist  device  is  more 
eiqieosive  than  ddier  the  ndlcr  or  die  ceotrifiigal  system,  esdmated  at  $40,000  to 
$70,000  for  die  moottoring  consider  and  $1 1»000  to  $13,000  per  device  (Smidi  & 
Cleavinger,  1991). 

for  mfection  due  to  die  Idoodciiciiiating  outside  die  bo^.  Tomnumizedierisk 
of  infection,  die  cannulas  are  tunnded  dnoug^i  die  chest  waU  uang  Dacron  sldn 
buttons  before  connecting  to  die  external  pun^  The  skin  buttons  promote  tissue 
growdi  at  die  eidt  ^tes  to  serve  as  a  bailin' against  infection  (Stetich,  Bmpey,  & 
Sasmor,  198<9.  Skin  buttons  also  are  used  with  the  intmud  systems  to  protect 
against  infection  around  die  energy  source  drive  Hues. 

The  pneumatic  ventricular  assist  device  can  be  used  safely  for  longer  periods 
ci  time  dam  eidier  die  roikr  or  die  centrifugal  system.  Patients  have  been 
supported  greater  dian  80  days  widioot  collocations  ^uzevich,  lSt91). 

Exanudes  of  external  rnwimatic  ventricular  assist  devices  are  die  Pkree-Donady 
CIhoratecXSymbion,andThniiie£cs.  A  biveotiicular  pneumatic  qfstem  is  die 
ABIOMED5000.  (SeeHgnre2) 

Internal  pneumatic  ventricular  assist  qfstems  also  are  availaMe.  Presentfytwo 
ay8tenisareaadiemariDet,dielieaitniateaoddiBN6vacor.  Bodi  systems  are  onty 
kft'Venlikhlar  assist  dewkes  and  are  inOBded  in  die  aMominal  cavity.  The 
nu^  benefit  is  die  decrease  risk  of  infectian.  Price  for  an  inOBdidde  pneumatic 
system  is  higher,  listed  as  $65,000  for  die  coDs<de  and  an  additional  $24,000  for 
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die  pump  (Smidi  &  Qettvinger,  1991).  Even  diou^  the  implantable  pneumadc 
system  allows  the  native  heait  to  tonain  in  place,  it  is  coosideKd  as  only  a  bridge 
totranqdant  Ventricular  cannulatioptequiied  by  die  device  inqadis  die 
remaining  ventricular  fiincticn. 

Total  Artificial  Heart  fTAII) 

The  Artificial  Heart  Program  founded  in  1964  by  die  Nadonal  Heart,  Lung, 
and  Blood  bstitute  (NHLBl)  contimiea  to  strug^e  widi  designing  a  pennanent 
artificial  heart  The  key  contender  is  die  pneumatic  punqi  design.  Presentlytwo 
pneumatic  artificial  hearts  are  availaUe  for  dinicalstufy.  They  are  die  Jarvik-7 
and  die  Utah-100.  A  smaller  version  of  die  Jarvik  7,  called  die  Jarvik  7-70  is 
availaUe  for  smaller  patients.  ^BlfididbeTAH,  die  native  heart  is  exdsed  and  die 
TAH  is  placed  insade  die  diest  cavity. 

An  advantage  of  die  total  attifidal  heart  is  conqdele  contnd  of  die 
canfiovascularqrstean.  This  allows  die  device  to  provide  ahatevor  cardiac  outsit 
isneededby  die  patient,  up  to  10  L/ndn.  Odier  devices  are  leatricted  to  die 
amount  or  flow  by  die  unassorted  ventricle's  function.  Mobility  is  crucial  to  die 
paydadogical  and  physical  wdl-being  of  die  patiem  due  to  die  time  lengdi 
invtdvedwidiTAR  hkibility  is  increased  by  using  a  semiportaUe  unit  called  a 
diculatocy  sippoft  qrstem  (CSS)  to  supply  die  air  souroe  for  die  pneumatic 
system  addle  ambulating.  The  HehnesPortalde  Heart  Driver,  contained  in  a 
dioulder  bag,  is  anodier  qfsiem  designed  for  patient  ambulation  (Mays  et  aL , 
1986).  The  major  proUemwldi  die  pneumatic  system  as  a  permanent  device  is 
die  need  to  be  tied  to  die  energy  source.  Odier  dsadvantages  of  die  TAH  are  die 
need  for  a  apidicatioo,  complications  widi  fit  inside  die  chest  cavity ,  the  need 
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for  anticoagulants,  and  the  expense.  Hie  console  for  an  TAH  is  $70,000  and 
$22,000  for  die  punqi  (Smidi  &  Cleavinger,  1991).  Anotho*  major  disadvantage 
is  exdsing  die  heart,  leaving  cardiac  tran^dantatioD  as  die  oofy  treatment  optioiL 
DffldficSfilfictioD 

^iHdi  the  numerous  designs  of  VADs  availaible,  selecdon  of  die  appropriate 
device  for  each  in^vidual  pedeat  is  inqieradve  to  maximizes  die  benefits  and 
minimizes  die  risks.  Factors  to  consider  vriien  choosing  a  deagn  are:  1)  the 
locatkn  of  the  oollq»e^  2)  the  type  dT  ventricular  finhire^  3)  the  estimated  time 
lengdi  of  use,  and  4)  die  availability  the  device  at  a  qiecific  institution 

(Ruzevich,  1991).  Ibe  location  of  die  ventricular  c<dli96e,vriiedier  it  is  ri^  or 
left-sided  failure  and  die  expected  outcome  indicates  the  most  qipropriate  device. 
Certain  devices  are  onty  used  vridi  left  voitxkxdarfirihire.  Estimating  die  lengdi 
of  time  the  device  win  be  needed  is  anodierinqxxtantconsidaation.  Some 
devices  have  a  limited  time  benefit,  vriiile  others  can  be  safety  used  for  a  longer 
timeperiod.  The  final  consideratian  rests  widi  die  availability  of  die  device  in  die 
qiecific  institudon.  Ventricular  assist  devices  are  stiU  under  invesdgadon  and  are 
restricted  to  certain  institutions. 

Qmgilgtkn 

Device  sdection  and  tiiecanoulation  are  inter-related.  Certain  devices  require 
^ledfic  methods  crfcanrailation.  Caimulatioo  fertile  idler  punqi  uses  tiie 
femoral  vein  as  die  outflow,  poaitkxiing  die  cannula  at  die  siqicrior  vena  cava  and 
ri^atiiuin.  The  inflow  is  returned  dirough  die  ascending  aorta  arch.  The 

fifwifjfiigpl  mymttm  ftwmnW*i«  *t».  nr  ■tfhim,  twftmilng  ttv%  Wnntt  flrw 

duDiqli  die  puhnonaiy  artery  cr  aorta  reqwetivety.  Ihe  pneumatic  system  <rffers 
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a  choice  of  canmilation.  The  deciskn  for  eithn  atrial  or  voitricularcaimiilatioD 
rests  widi  die  esqwcted  patient  outcome.  A  patient  is  eiqiected  to  recover 

function  of  the  native  heart  idealfy  should  be  atrially  canmilated,  qming  further 
damage  to  die  ventricles.  Ventricular  carmulation  is  beneficial  to  patients 
requitiug  VAD  siqipoct  asabiidge  to  cardiac  tran^lant  when  damage  to  die 
ventricle  is  unimpoitanL  The  advanta^  to  ventricular  carmulation  is  b^tn 
imlntwHiig  erf  die  ventricle  which  decreases  die  oi^genrequirenients  erf  die 
myocaredunL  This  aUows  more  oi^gen  to  be  available  for  odier  organ  systems 
and  saves  die  left  atrium  as  a  donor  ^  for  cardiac  tran^lanlatian. 

Compariaon  between  VADs  Designs 

The  various  designs  of  VADs  cover  a  diverse  need  for  ddstedmerfogy.  Using 
die  most  cost-effective  mediod  to  adequate  support  die  patient  seems  lofflcaL 
The  rdkr  punqi  system  is  die  most  innqiensive  mediod  of  drculatory  support, 
but  research  has  dwwn  that  remaining  on  a  Tcdkr  pump  syston  longer  dian  seven 
hours  has  a  n^ativeinqiact  on  survival  (Pennington  etaL,  1989).  Statistics 
oonqiaring  VAD  designs  to  associated  patient  outcomes  are  given  in  the 
Conibined  R^istry  for  die  CBnical  Use  of  Mechanical  Ventricular  Assist  Devices 
for  post-codiotoaqr  patients  (hfiller,Pae,&Pieree,  1990).  Centrifugal  systems 
are  die  moat  ftequenify  used  device^  used  one  and  a  half  times  more  often  dian  die 
pneumatic  qrstenL  Patient  outcomes  for  bodiqrstems  are  conqiaraUe.  The 
availability  of  die  centrifugal  system  due  to  not  needing  an  IDE  qiplkation  could 
be  oontributiiig  fretors  to  diis  findiiig. 

Conqnring  die  location  of  support,  rig^  verses  left  ventricular  si^port,  widi 
die  aasodaled  outcome  also  is  analyzed.  The  imdority  of  the  patients  require  left 
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ventricular  suiJpott  Outcomes  assodatedvddi  the  different  locadon  of  siq)poit 
are  as  follows:  Left  VAD  (LVAD)  -  total  of 239  patients,  46.4  percent  weaned 
from  device,  2S.5  percent  of  tiie  patients  weaned  were  disduuiged  home;  Bi 
ventricular  assist  device  (BVAD)  -  total  cf  152  patients,  42.1  percent  weaned 
from  device,  19.1  pooent  of  tiie  patients  weaned  were  discharged  home;  and 
Rig^  VAD  ^VAD)  -  total  df  60  patients,  46.7  percent  weaned  form  the  device, 
28.3  percenter  tile  patients  weaned  woe  discharged  home.  These  statistics 
support  tile  n^ative  inqMct  biventricular  failure  has  on  survival  rate  (Zumhfo  et 
aL,1987).  Assesring  tile  potential  for  lig^  ventricular  failure  intraoperative^ 
vriiile  insetting  a  left  VAD  proves  ^fficult  due  to  tiie  ri^  ventricle  dysfunction 
possibly  occurring  hours  after  insertion. 

Gender  and  age  considerations  are  i^ntified  in  tile  re^btiy,  Hsting  men  as  tibe 
primary  recipient  for  VADs  four  to  one.  Patient  age  averages  54  for  men  and  51 
forwomen.  IMscharge  rate  is  inversetyassodated  with  age.  Theolderdie 
patient,  tiie  lower  tiie  dscharge  rate.  Ihiderage59,  sixty-seven  percent  of  VAD 
patients  are  Ascharged.  A  gradual  decrease  is  seen  until  ages  over  70  havinga 
Ascharge  rate  of  only  twen^HdnepercenL  This  confirms  age  as  an  indicator  for 
patient  sdection. 

Summmy 

The  different  designs  of  VADs  allow  tile  device  to  meet  a  wide  diversity  of 
patientneeds.  Short  term  support  is  offered  by  tiie  tdkrpunqi  if  less  tiian  seven 
hoars  or  centrifugal  qfstem  if  less  tiian  two  wedEB.  The  pneumatic  system  may  be 
used  for  a  much  knger  time  period  with  the  hnpiantaMe  devices  offering  the 
greatest  time  lengtii  due  to  tiie  decreased  risk  of  InfectioBL  Selection  of  tiie 
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appwyriate  device  rests  on  several  patient  factors  including  the  location  of  failure, 
die  type  and  lengdi  of  stqjport  needed,  and  die  aivailability  of  specific  devices. 

The  centrifugal  design  has  dmilar  padent  outcomes  as  the  pneumatic  deagn  but  is 
presently  used  more  frequently  due  to  die  avadaUlity.  Tlie  pneumatic  pump 
crfFtns  the  most  hope  in  a  future  aitifidal  heait 
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CHAFTERS 

Management  of  the  VAD  patioit 

Intenction  between  the  man  and  device. 

Patknts  reqmring  drculatofy  siq)pQct  ate  unique  in  Ae  dynamic  inlaactioQ 
between  die  device  and  die  human  host  Nurses  need  to  lecognize  the  cooqilex, 
multiqrstmnintefacdon  when  they  assess  dm  VADpadent  The  cardiovascular 
system  is  die  deKvety  mechanism  for  oxygen  and  nutrients  to  die  rest  of  dm 
humanbodly.  Ventricular  assist  devices  h^  maintain  dns  vital  link  of  ddivexy. 
Every  system  in  die  bocfy  tenures  die  deliveiy  Qigrgen  and  nutrients  to 
maintain  proper  function.  Assessment  of  each  system  identifies  not  only  die 
efficiency  of  die  VAD  but  the  patientfs  chance  for  survival 

Qitreni^,  die  VAD  is  used  in  approximately  1000 patients  a  year  in  die 
United  States  or  one  percent  of  patients  experiendng  cardiogenic  shock 
ftdlowing  surgery,  myocardial  infarction  or  cardiac  tran^ant  (Swartz  et  aL , 

198^  Zumbro  et  aL ,  1987).  lUs  small  percentage  linuts  die  experience  of 
healdi  cate  providers  widi  die  device.  A  inultidiscqdinaiy  qiproadi  is 
leoommmded  as  die  most  effective  mediod  to  manage  diese  unique  patients 
(C3eavingeretaL,  198^  Swartz  etaL,  1989).  Efforts  from  all  diB^)lines,sudi 
as  biomedical  engineeta,  hematxdogiat,  infectious-disease  qiedalists^ 
irmnuttdogists,  physitdogists,  carcHdogists,  pofusknists,  surgeons  and  rrutses  are 
essential  to  ensure  an  aoceptaMe  outcome  (Swartz  ctaL,  1989).  ^combining 
expertise  from  the  cHfiferent  qiedalties  not  only  h^  identify  cunctn  patient 
needs  but  aaristi  in  inqaoving  die  techndogy  for  future  devices. 

Role  of  the  Nurse 


VADs 

30 


llie  outsets  prinuoyre^MiisiUlity  focuses  oa  die  padeot  E]q>eit  clinical  skills 
{dhis  a  Ifaofoughundefstanding  of  the  physiology  bdiind  VADs  aienecessaiyfor 
a  nurse  to  achieve  total  quality  patient  care.  The  technical  aq)ects  of  die  device 
are  primarily  handled  tty  die  engineering  support  staff  or  die  perfusionist  but  die 
bedside  nurse  must  be  able  to  interpret  piopCT  functioning  die  device  and 
trcuUeriioot  in  cases  of  emetgendes. 

AgMMBinwnt  of  VAD 

Functioning  (rf  die  VAD  is  drtected  by  dhucal  assessment  of  die  patient  and 
by  monitoring  die  information  given  on  die  VAD  console.  The  design  of  die 
VAD  altos  die  various  parameters  used  to  program  die  device.  With  die  roller  or 
the  centrifugal  system,  the  important  parameters  are  flow  rate  and  the  pump 
speed.  Pressure  is  measured  in  die  centrifi^  system.  Monitoring  die  tystmn's 
flow  rate  guides  die  ^leed  selection  for  die  tystem.  The  pneumatic  system  offers 
odiersdections  to  optimize  die  patient  status.  A  mote  detailed  desmiption  is 
given. 

Pnenmatic  VAD  Parameters 

Pour  paramrtfrs  indicated  on  die  consde  regulate  VAD  function.  Th^are 
heart  rate^  percent  ay8lde»  and  two  drive  tine  pressure  gauges.  Heart  rate  for  die 
device  has  a  mazhnum  rate  of  199  bpm.  bis  normally  set  between  75  and  100 
bpm.  ContideraticQ  needs  to  be  given  if  die  device  is  siqiporting  one  ventricle  or 
bodt  If  onty  one  ventride,  die  unasristed  ventricle's  function  is  paramount  in 
determining  die  VAD  parameters. 

PeronatgretoiewflectadiepeB  ast  time  toterval  given  for  die  device  to 
ootDfdete  ejectiotL  Percent  systdeiutirectlydetaminesfilting  time  or  diastde. 


Bi  a  normal  cardiac  cycle,  systole  takes  one  tfuid  of  the  total  cardiac  cycle. 
Sufficient  time  is  neoessaiy  for  adequate  filling  rfflie  device  during  diastole  and 
for  comply  ejection  during  systole.  The  percent  systole  reflects  tins  balance.  It 
is  typically  s^  greater  tiian  300  msec  or  forty  to  fiffy  pocent  of  the  cardiac  cycle 
(Ley,  1991).  A  longer  percent  sysUde  permits  lower  drive  pressures  needed  to 
punq>  tile  Uood  from  tile  device.  Anintonalvacuumcanbeiqipliedtofadlitate 
fining  during  tile  shorter  ^astdic  phase.  A  n^ative  pressure  between  0  to  ISO 
mmHg  on  tile  exhausted  air  maximizes  filling  (Mays  etal,  1980). 

The  drive  line  pressure  is  tile  amount  of  force  required  to  propel  tile  blood 
fromtiieVAD.  An  adequate  drive  line  pressure  b  75  mmHg  above  tiie  patient's 
systolic  blood  pressure.  lflg|i  pressures  cause  henu^as  and  may  indicate 
increased  aftoload.  'neatment  for  drive  line  pressures  includes  giving 

vasodilators  such  as  Ni^de  to  reduce  afterioad  and/or  increaang  the  percent 
tystde  to  cBstribute  tile  pressure  ova*  a  greatCT  pmiod  of  time. 

VAD  Waveforms 

Waveform  analysis  aUows  interpretdion  of  tiie  device's  performance  as  weU  as 
tile  hemodynamic  conation  of  tile  patient  Cardiac  output  is  calculated  by 
measuring  tile  amount  air  tiiat  leaves  the  ventride  during  diastde.  Thbamount 
of  air  is  proportional  to  tile  VAIXs  strdEe  vdume  (Robinson  etaL,  1989).  The 
oonqmter  in  tile  oonsde  calculates  tile  cardac  outyut  by  heart  rate  times  tile 
strdoe  vdume. 


A  horizontal  axis  on  tile  waveform  indicates  conoftiete  filling  tile  device, 
oonqdele  filling,  tile  Uood  flow  tenqporarily  stops  vriiile  waiting  for  ejection. 
The  VAD  idealty  uses  partial  filling  to  keep  tile  Mood  flow  moving.  TUsreduoes 
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the  risk  of  thrombus  focmatiaci  due  to  blood  stasis  (Heoker^aL,  1988). 

A  small  spike  at  die  end  of  die  (jecdoQ  phase  is  die  signal  of  ooiiq>lete 
ejection.  The  sjake  indicates  die  membrane  is  oonyletelystrrtcfaed,  ejecting  all 
die  Uoodwiddn  die  device,  the  spike  on  ejection  also  shows  extra  lesetve 
widun  die  device  to  accommodate  mote  preload  or  to  pump  against  a  higher 
afterioad  if  die  patient^s  condition  changes  widiin  a  ceitain  range.  Thegoalfor 
VAD  drive  line  pressure  via  wavrfoim  analysis  is  to  maintain  partial  filling 
during  dastde  with  full  ejection  each  <7die(HenkerrtaL,  1988).  (Seefigure3) 
Over  driving  die  VAD  system  is  seen  ndien  die  device  is  programmed  to 
accommodate  a  larger  woridoad.  the  over  drive  waveform  is  diaractoizedl^  a 
idateau  at  die  end  of  die  ejection  phase.  (Seefigure4)  Hypovolemia  causes  the 
derice  to  overdrive.  Under  driving  the  VADqrstem  is  seen  when  die  device  is 
programmed  to  handle  a  smaller  woridoad.  The  device  is  ovoextended  and 
unalde  to  accommodate  extra  volume  or  pressure.  The  undra  drive  waveform  is 
dharactaized  by  a  square  ahiye.  (See  figure  5)  Underdriring  occurs  widi  a 
hypertensive  crisis  or  exerdse.  Assessing  VAD  waveforms  aids  in  adnering 
optimal  filling,  ejection  and  ouqait  from  die  device. 

VAD  Emergences 

Emergency  conditions  require  hnmediate  intervention  by  die  bedside  nurse. 
Delays  vdiile  notifying  die  perfurionist  or  die  phyadan  can  be  kdiaL  An 

a  emeigwify  nf  Aetiihing.  The 

nurse  iiiiist  intervene  immediatdy  or  die  patient  win  exsanguinate.  Qitid^ 
damping  die  tubing  as  dose  to  die  patient  as  possiUe  is  faiqierative  (Mulfotd, 
1987).  Odier  emergent  dtuations  die  bedside  nurse  needs  to  know  ate  cat^orized 


fiill-eject  flag  « 
complete  ejection 


Hguxe  3:  Tbe  ideal  wavefonn  with  partial  filling  and  complete  ejection. 


no  flag 


Hguie4:  Overdrive  waveform 


Hgure  S:  Undn  drive  wave  form 
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by  an  alann  system  built  into  the  ooosole.  Redlightsinferpotentialiylife- 
flaeatening  dtuations,  requiring  imme<fiate  attmtiocL  Exanq)les  are  low  drive 
ptessures,  low  cardiac  ouQiut,  or  an  extreme  righto  left  imbalance.  Fladung 
otange  and  yellow  lights  indicate  a  less  urgent  situation.  An  exanq>le  is  (he 

activation  of  die  badt-^y  nr  reserve  tanks  of  peesniriMid  air  tn  nm  die  jinamiatic 

systeuL  The  muse  must  know  ^riiicii  energy  source  is  bdng  used  to  prevent  the 
loss  a  power  source  in  tiie  future.  A  permdic  tone  also  indicates  tiie  use  of 

battoy  powCT  to  run  the  electrical  system  (Mays  ^aL,  1986).  Accurate 
assessment  of  die  situation  determines  the  appropriate  intervention.  Nursesmust 
be  ride  to  evaluate  the  patient  and  tile  VAP  to  act  quicl^  and  appropriately. 

A  final  medianical  emergen^  a  nurse  must  recognize  is  puny  failure.  A 
second  back-ty  unit  should  always  be  in  tile  room,  preset  to  substitute  witiitiie 
primary  systinn  if  tile  need  arises.  VAD  failure  is  suyected  when  tiie  number  of 
revolutions  per  minute  is  progresstvety  higher  to  adueve  tile  same  flowrate. 

This  inricates  an  increase  in  reristancesomeadieiewitiiin  tile  system.  Thtonibos 
fomtation  or  a  kink  in  tiie  tubing  could  cause  increased  resistance.  Another 
potential  cause  is  tiie  malfunction  of  tiie  valves  in  tiie  puny.  Tfatoughbouriy 
documentation,  changes  in  tiie  number  revriutions  witiiout  an  increase  in  flow 
rate  are  detected.  Assessment  witii  appropriate  notification  or  imervention 
prevents  a  no  flow  oisis. 

Ohricrietncsgenciesiiiay  abobepatienlr^elated.  Cardiac  arrest  or  vetUricular 
fibrillation  are  handled  amflarly  to  tiie  usual  procedure  «c^  no  external 
caidbc  massage  is  performed  ^londcjar,  lSt79).  The  flow  rate  for  tiie  device  is 
increased  to  maintain  perfuskn.  Hypertensive  yisodes  cause  underdriving  of  tiie 
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VAD  system  due  to  die  increased  systemic  pressure.  Drive  line  pressures  may 
need  to  be  tenqporarily  increased  to  overccmie  die  higiMT  resistance.  Tbemain 
efforts  are  to  reduce  the  blood  pressure. 

A  ^sterns  i^iproadi  for  patient  assessment  is  relied  to  organize  the  variation 
in  assessment  due  to  die  VAD  and  potential  con^Hcations  associated  for  eadi 
system,  ^^gilant  surveillance  of  die  VAD  patient  is  essential  for  optimal  care  and 
patient  outcome.  Sound  clinical  dolls  phis  a  diorough  understanding  die  VAD 
teciiixdi^  aids  die  nurse  in  provi^ng  quality  patient  care. 

Neurological  System 

Assessment  of  the  neorcdogical  system  in  die  VAD  patient  presents  two 
ctifferent  clinical  inctures.  Some  patients  are  alert  and  oriented  while  odiets  are 
heavity  sedated  and  para^rzed.  HdiCT  patient  requires  fiequentneurcdogic  exams. 
Neurdoglc  evahiations  are  done  to  assess  the  periiision  of  die  brain  and  are  a 
good  index  of  systemic  blood  flow  (Mondejar,  1979).  Neurtdogical  evaluation 
commonly  include  die  Ohsoow  Coma  Scale  to  assess  neurdogic  strius  diiDugh 
levri  of  consdousness,  piqnl  reqxnse.  and  motor  function  ^filler  &  Pitz,  1989). 
Comfdications  associated  widigenenl  VADsiqjpoftfiequentfy  are  detected 
mucfa  earlier  in  die  neurdogiGal  system.  Examides  are  Ueediiig,enibcdi  and /or 
hypoxia.  Detection  by  routine  neurcdo^cal  maun  can  decrease  die  severity  or 
ttmit  die  extent  of  damage  to  die  patient  Nursing  care  is  discussed  in  r^ards  to 
die  qiedfic  (fiagnoses  tdating  to  the  neurcdogical  system. 


fnr  ti^iry  Aift  toWawtiiny.  Ifaefocusfornursingcareof  VAD 
patients  is  to  prevent  coagulopadiies.  Bleeding  is  a  problem  in  die  immediate 
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post-operative  period  and  should  be  controlled  witibin  twelve  to  twenty-four  hours 
(Abou-Awdi,  1991).  Recommendations  for  coagulation  studies  are  every  four 
hours.  Maintaining  a  normal  range  of  values  fcv  coagulation  prevents 
bleeding  disorders. 

Interventions  center  on  identifying  a  potential  for  bleeding  brfore  die  injury 
occurs.  Chest  tube  drainage  is  measured  hourfy  and  should  be  less  than  100  ml/hr 
during  die  first  four  hours.  A  gradual  decrease  drainage  is  noted  over  die  next 
eight  to  twdve  hours.  Any  deviation  is  rqxxted  to  die  physician.  Bleedingts 
also  assessed  in  endotracheal  secretions,  nasogastric  drainage,  and  urinary  output 
Odier  interventions  include  administering  blood  products  and  crystalloids  to 
mamtam  adequate  blood  volume.  Fresh  frozen  jdasma  is  ^en  if  the  ptodirombin 
or  paitial  prothrombin  tunes  ate  prolonged.  Platelets  are  given  for  a  low  idatelet 
count  Platdi^  are  frequently  needed  doe  to  die  cell  fy^  from  the 
cardiopulmonary  bypass  machine. 

Neurcdo^  assessments  are  crucial  to  prevent  or  minimize  deficits.  Changes 
in  ptqiillaiy  leaction,  motor  defidt  or  changes  in  die  levd  consciousness  may 

indicate  cerebral  banonhageCMulfoid,  1987).  Sedation  and  petatydc  drags 
affect  patient's  leqioDses  to  neurologic  exams  and  must  be  considered. 

Pntertial  fnr  ii^iry  Aii>  tp  tiaomhus  formation  AftercontroUingpost- 
opgative  Weeding,  die  next  challenge  widi  die  VAD  patient  is  to  prevent 
daoinbus  formation.  Hqiaiin  dt^  ate  determined  Ity  die  design  of  die  tystem  or 
if  die  Wood  flow  dnough  die  device  is  less  dun  2  l/ndiL  The  partial  prodnombin 
time  for  anticoagulation  ranges  between  150  and  200  secs.  Patients  using  die 
VAD  as  a  bridge  to  transidsnt  ste  {daoed  on  a  andcoagulatian  piotocW 
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immediatdy.  Tim  protocol  initially  anticoagulatestfieVADpatieDts  with  a 
heparin  drip  but  converts  tiie  patient  to  oral  medicatioD  for  long-term  use.  Otiier 
considerations  to  prevent  tinombosis  formation  is  to  purge  the  system  at  regular 
intervals  to  prevent  stasis  of  Uood.  Wito  die  coxtrifugal  system,  pump  heads  are 
changed  every  24  to  48  hours  to  prevent  clot  formation. 


primary  goal  of  VAD  support  is  to  maintain  adequate  chculation  to  all  organ 
systems.  Inadequate  cerdital  perfusion  is  drtectednmcfaearKCTtiianoflicr  organ 
systems  by  subtle  changes  in  the  patient's  sensorhnn.  Adjusting  tire  VAD  flow 
rates  or  ventilatory  setting  inqxoves  systemic  o]iygenation/perfumon.  Eariy 
detection  is  die  key  to  ii^ufy  preventiotL 


and  immohiHty.  Adequate  pain  cottfrd  as  detennined  by  die  patient  is  another 
goal  nursing  care.  Pain  assessment  should  reflect  type,  degree,  location,  and 
duration  of  die  ifiscomfort  Offer  die  patient  back  care  and  rqwsilioning  as  well 
as  analgerics  to  relieve  (fiscomfoit  Evaluate  effects  erf  analgesics.  Reassure  die 
patient  diatstq»  will  be  taken  to  relieve  die  pain. 


kTrTTin  rrr.  u 


ififhwtftWK  An  overall  conoem  of  nursing  care  is  to  promote  patient 
pbyak)lo^calandpsydKrfogicalwdl>bdng.  The  critical  care  environment  itsdf 
can  negative  influence  die  patient's  psychicrfogical  well-being.  Noiseanddie 
lighthig  cause  Iilq^<rfogical  and  behavioral  dianges.  Phyricdogical  responses  to 
noise  may  be  an  inenaae  in  heart  rate,  blood  preeBure,so£iim  and  water 
retention,  and  a  rise  in  cottiaerf  and  cfaolestercrf  levels  (Riegel,  1989).  Souroesof 
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iKiise  in  the  oitical  care  cnviraomeiit  are  found  everywhere.  Mechanical 
equqxneot,  alarms,  movement  of  people  and  objects  all  create  noise,  hi  addition 
dicre  is  noise  from  people  talldng,  coughing  or  patients'  moaning.  Bdiavioial 
le^wnses  are  seen  by  the  patient's  inaUlity  to  jnoblem  solve,  restlessness, 
nervousness,  and|/or  a  ^stuibed  sle^  pattern  ^iegd,  1989).  The  artificial 
lighting  influences  die  patient's  circadian  rhythm  and  may  cause  sleep 
dqifivation.  A  higher  jncidety*^  «fdgpreg»inn  is  repeated  widi  parimts  not 
eiqwsed  to  natural  sunlig^CRiegel,  1989).  Researdiis  loddng  ata  q)ecial 
fluotesoent  fight  which  mimics  natural  sunlig^  as  a  potendaltreatmenL  The 
noise  and  vibration  from  die  VAD  also  initial^  contribute  to  sleqi  dqvivation 
(Shinn,  1991).  Over  time  die  VAD  iK^  is  a  comfoit  to  die  patient,  confirming 
everydung  is  woridng. 

Accurate  assessment  of  the  patient's  percq>tion  is  necessary  to  plan  the 
i^ipropiiate  intervention.  Some  patients  oqierience  sensory  overioad  from  die 
same  environmental  stimuli  diat  odiers  paradoxically  ejqierience  as  sensory 
deprivation  (Riegel,  1989).  Patients  who  have  sensory  overioadrqwrtnmse 
bring  irritating  to  them.  Stimuli  should  be  Hunted,  providing  a  mote  quiet 
environmenL  Mediods  to  contrri  die  nrise  level  are  to  use  curtains  or  private 
rooms  to  sqxuate  die  patient  from  die  noises  covCT  die  equ^ment  widi  a  towri  to 
absorb  some  noises  or  free  die  patient  awqr  from  the  noise  source  reducing  die 
trinmli.  h  is  recommended  to  screen  die  number  of  non-frmify  visitors  while 
allowing  die  famify  to  have  quiet  time  alone  widi  die  patient 

Patients  esqieriencing  sensory  dqxivation  while  in  the  critical  care 
environment  rqxirt  feeling  bored.  These  patients  need  more  stimuli  for  dieir 
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F^chological  well-bdng.  Encourage  family  visits.  Petsonalize  the  patient's 
room  widi  cards  and  pictures.  Support  dhrersional  activities  through  the 
occupational  therapy  dqnitment 

Otiier  dforts  for  botii  sensory  overload  and  deprivation  center  around 
maintamitig  die  patient's  Orcadian  rhythm  to  promote  normal  sle^nng  patterns. 
Structure  nurang  care  together  for  minimal  fenq>tion  to  sleep  <ycles.  Sleep 
^des  avenge  90  minutes  to  2  hours  (Droppert&KiHan,  1992).  Allow  die 
patient  a  complete  ^cle.  Anodier  method  to  promote  adequate  sleq)  is  to 
maintain  a  day/ night  orientation  by  turning  cdfHgjits  during  nonnal  deg) 
periods. 

Another  factor  in  die  patient's  perception  of  tiie  critical  care  environment  is  die 
level  or  degree  of  pain  and  anxiety  egierioiced  by  the  patioit.  Pain  and  arutidy 
inhibit  restful  slegi  whkfa  increases  slegi  dgirivation  and  ultimate^  distorts  the 
patient's  perception  of  environmental  stimuli  (English,  1989).  An  intovention  is 
to  egilain  to  die  patient  and  family  what  to  expect  vriiile  in  die  oitical  care 
siting,  decreasing  die  level  of  anxiety.  Pain  rdief  is  anodier  essential  conqwnent 
to  he^  die  patient  tcdeiate  die  oitical  care  cnvironmenL 

Assessment  of  die  cardiovascular  systm  focuses  primarily  on  the  patient's 
horiodyriaiiiic  parariietefs  and  cardiac  riiydmi.  Auscultation  of  the  heart  souii&  is 
difficult  due  to  die  clicking  noise  Cram  die  VAD.  Proper  functioning  of  die  VAD 
is  primarity  dependent  on  adequate  filling.  Ihe  VAD  can  only  deliveniriiat 
vrdume  it  receives.  Ceottalvenouspreasure,puhnonaiy  artery  pressure,  or  left 
atrial  pressure  lines  directly  measure  die  filling  pressures.  To  ens^ue  adequate 
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VAD  output,  optimal  fluid  status  and  cardiac  ifaytiun  are  needed. 

Monitofring  cardiac  ouQjut  in  die  VAD  is  die  most  integral  aspect  of 

patieotcare.  Every  system  in  the  body  is  dqwodent  on  die  heart's  alnlity  to 
delivCTOj^genandmitiiaits.  Cardiac  ou^  measures  die  delivery  of  blood  to 
die  cells  and  organ  systons.  IheorignalpcoUanctf  inadequate  delivery  or  blood 
flow  is  compensated  ly  the  VAD.  The  nurse's  responability  is  tn  engirt  adegimte 
delivery  is  maintained  thtnughmit  die  hnqwtaliwtrinw.  Cardiac  output  is 

dqiendent  on  heart  rate,  preload  (fluid  status)  and  aflerload.  Contractility  is 
augmented  by  die  VAD.  Determining  cardiac  outyut  poses  a  dflemma  in  die 
VADpatienL  Patientssiqipoftedby  a  left  VAD  use  die  typical  diermodilution 
mediod  to  calculate  cardiac  outyut  But,  patients  siqipoitedlty  a  VAD  need 

to  use  die  Hck  equation  to  determine  cardiac  outyut  since  die  VAD  alters  die  flow 
(Ley,  1991).  Description  of  potential  proUemswidieadi  determinant  of  cardiac 
outyut  facilitates  die  assessment  of  cardiac  output  as  the  final  nursing  diagposis. 

Potential  sifterrtinn  in  Hmho. pwfiidnn  mliitwd  to dy«hydmii«».  Heaitrateis 
one  detamhiant  of  cardiac  outyut  Altendions  in  heart  rate  negativdy  affect 
cardiacoutput  DysrityduniBs reduce  stroke  vcdume  and  increase  myocanfial 
ootygenconsunqition.  Even  dxmgb  die  pneumatic  VADs  can  provide  sufBdent 
outyut  during  dyarityduniBS,  it  is  beneficial  to  normalize  die  heart  rate.  Ideally, 
heart  rate  ranges  between  60  and  100  bpm.  Pacing  in  indicated  tn  gngnMnt  a 
alower  ihydim  or  to  convert  a  supraventricular  tachycardia  to  a  normal  ritydun. 
Andanhydunk  dnigs  are  also  indicated  for  ventricular  irritability.  Manual 

cnmpteaainna  Airing  cardinpilmnnaiy  twiaeitatinn  ia  not  wwamnanAiH  Aia  tn 

die  tide  of  dslodging  die  cannulas  but  cardioversion  or  drfibtillation  may  be 
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attempted  after  niMficatioti  efforts  fdl. 

Potential  for  fluid  volmne  deficit  related  to  hypovolemia  or  bleeding. 
Hypovdemia  is  a  common  problem  widiVADpadeots.  bis  recognized  by  low 
atrial  pressures  widi  a  low  cardiac  output  Treatmerit  is  to  stabilize  the  vital  signs 
and  filling  pressures  with  adequate  fluid  therapy.  Colloid  products  are  prefqred 
ova:  crystalloids  because  thqr  provide  a  greats  intravascular  e::qMinsion  and 
decrease  fluid  requimneots  (Ley,  1991).  Blood  products  are  administered 
aooonfing  to  die  patient's  honatocrit  and  idatdet  count  The  fluid  dienqiy's  goal 
is  to  maintain  die  filling  pressure  of  die  right  atrium  or  central  venous  pressure  at 
S  to  IS  mmHg  and  die  left  allium  pressure  at  10  to  IS  mmHg  (Ley,  1991). 
Adequate  filling  pressures  optimize  preload  for  tfaeVAD^riuch  uhimatdy 
inqaoves  cardiac  ouqiut  and  organ  poftjsioiL 

Alteratkm  in  caraaccsitpmrdated  to  decaeased  myocardial  contractility. 

Low  car£ac  ou^Nit  or  a  low  flow  state  negadvdy  affects  every  organ  system. 
Therrfote,  die  prinaaiy  rationale  for  uring  a  VAD  is  to  augment  dieulation. 
Aftedoad  is  anodier  determinant  of  cardiac  output  l^fstemic  vascular  resistance 
rqaesents  die  afterload  die  VAD  must  overcome  to  pump  die  blood  out  to  the 
qrstemicdiculation.  Systeoric  vascular  resistance  diould  range  between  800  and 
ICOOdyaeafaectnl.  Vaaodilatora,audi  as  nitrates,  are  used  to  reduce  afterload. 
ContractiUty  is  the  last  determinmtf  of  cardiac  ouqwt  and  is  augmented  as  needed 
by  die  device. 

A  common  oooqdicatifln  of  VAD  si^port  is  ftdhire  of  the  unassisted  ventricle. 
Low  car^  ou^  assodated  widi  an  elevated  atrial  pressure  in  die  msqjpoited 
ventricle  and  a  low  atrial  pressure  in  die  styported  ventricle  hj^catesfiahire  of 
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the  UDsiqipocted  ventricle.  Ventricular  assist  devices  commonly  unmask 
ventricular  (lysfuDction  of  the  unsi^poftedvaitricle.  Researdi  shows  diat  fifty 
pocent  of  die  patients  using  a  left  VAD  demonstrate  ri^  heart  failure  (Pierce  ^ 
aL,1989).  Treatment  for  right  heart  failure  is  to  siqipott  tile  failing  ventricle  with 
inotropes  and  fhnd  therqiy.  Isoptoteraiol  is  tiie  drug  of  dioice  for  right  heart 
failure  due  to  the  positive  inotroiac  effect  itius  it  reduces  pulmonary  vascular 
resistaiice  or  right  ventricular  afterioad.  Right  VAD  may  be  indicated  with 
severe  faihire. 

In  review,  potential  proMemsassodatedwitii  a  low  cardiac  output  can  be 
(hvidedintobilatnaloruiiilatetalpcoblans.  Bilateral  prbUans  of  high  atrial 
pressures  associated  witii  a  low  cardiac  ou^Mt  indicate  pump  failure  or  a  surgical 
emergen^  sudi  as  cartfactanqwnade.  itilateral  low  atrial  pressures  with  a  low 
cardiac  output  inrBcate  hypovolemia.  IhtilateaalproUemswitii  one  atrial  pressure 
elevated  and  dte  other  atrial  pressure  low  or  normal  indicate  fiahne  of  tiie 
uiisiqiported  ventride  or  a  Idnk  in  tile  cannula. 

Plihnonary 

Assessment  of  the  pulmonary  qwtem  by  auscuhation  is  limited  due  to  tile 
noise  from  tike  VAD.  Otiier  indicatocs  are  used  to  assess  tiie  patient's  pulmonary 
status.  Monitoring  tike  patient's  oxygen  saturation,  arterial  Uood  gas  results,  and 
reqiiratoty  rate  ate  dues  for  tike  nurse.  Daify  chest  X-iays  also  faeh>  identify 
puhnonaty  padkdogy.  AgoalforVADpatientsiseariy  extubation  witiun  twenty- 
four  to  forty-dght  hours  post  VAD  insertion  (Ley,  1991).  Conqilications 
assodaled  witiitiiepultnonaty  system  largely  stem  from  prdongedittfiibation. 

As  soon  as  tiie  hemodjynamic  parameters  are  stritie  and  tike  effects  of  anestikcaa 
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subdde,  the  patient  is  extubated 


Maintaining  adequate  oxygenation  and  eaily  detection  of  pulmonary  complication 
aie  the  essential  elements  ofnutsing  care  witii  die  puhnonaiy  system.  Patient's 
color  of  skin,  mucous  membranes,  and  nail  beds  indirectly  assess  the  level  of 


oxygenation.  Oxygen  saturation  and  attatial  blood  gas  results  directly  reflect  die 
hmgsidnlity  to  oxygenate  die  blood  Adjusting  die  ventilator  settings  may  be 
necessary  to  provide  adequate  oxygen  levels  to  the  patient  Oxygen  dienpy  aims 
at  maintaining  die  p02  greater  dian  7S  mml^  die  pC02  less  dian  45  mmHg,  and 


die  oxygen  saturation  greater  than  95  percent  (Ley,  1991).  Hypoxemia  initially 
may  be  due  to  puhnonaiy  edema  or  a  mild  form  adult  re^iratoty  distress 
yndrome  (ARDS)  from  the  s^gressiveflitidTesusdtatkn.  Severe  hypoxemia  or 
diock  lung  may  result  from  multiide  transfusions  (usualfy  greater  dum  30  units  of 
RBCs)  due  to  post-operative  blee^ng.  Severe  hypoxemia  assodatedwidi  an 
elevated  central  venous  pressure  and  a  normal  chest  X-my  may  indicate  a  patent 
foramen  ovale  widi  right  to  left  Amting  (Ley,  1991).  Pierce  (1989)  identified  a 
patent  foramen  ovale  as  a  proUem  with  die  VAD  unmaddng  an  odierwise 
asymptomatic  padudogy.  Anodwrinqxxtantaqiect  to  improve  gas  exchange  is 
to  maintain  a  patent  airway.  Suctioning  die  patient's  ahway  as  needed  is  a  vital 


nurting  responsibility . 

Phtenrial  for  In  tnyaatve  Hnea  md  the  defnsstA  iimmiiig 

reywe  of  VAD  patients.  Mections  occur  in  VAD  patients  as  often  as  sixty- 
onepercenL  Survival  rate  for  VAD  patients  widi  infections  drops  agnificantty. 
ftieumania  is  die  leading  cause  of  septic  complications  in  VAD  patients  (Ley, 
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1991;  Pierce  et  aL ,  1989;  McBride  et  al. ,  1987).  Research  directly  related  sqjtic 
complications  to  the  duration  of  mechanical  si^poit  (McBride  et  aL ,  1987; 
Tenniihlen  et  aL ,  1987).  bfectious  complications  are  due  to  nosocomial 
organisms  not  (qipottuiiistic  patiiogens  (Griffitii  et  aL » 1988;  McBride  et  aL , 
1987).  Nosocomial  infections  in^catetite  need  for  tile  healtik  care  providers  to 
practice  good  handwashing  and  prevent  the  spread  of  organisms.  Onestu^did 
report  a  posrible  liok  vritii  VAD  insertion  and  a  profound  t-ceU  lynqihopenia 
(McBride^al. ,  1987).  This  link  ooukl  be  a  contributing  fiKtorwitii  VAD 
patients  developing  nosocomial  infections. 

Nurses  must  use  asqitic  technique  in  onto  to  prevent  unnecessary  exposure  to 
pathogens.  Mocmation  from  inanitormg  patient's  temperature^  vridte  blood  cdl 
oouitfs,  and  changes  in  secretions  will  identify  and  allow  earlier  interventions  in 
treatment  of  infections.  Certain  institutions  have  developed  antibiotic  protocols 
to  reduce  the  risk  for  infections  (L^,  1991;  Pierce  etaL,  1989;  Reed|yetaL» 
1989).  Otiiermetiiods  to  reduce  die  risk  of  infections  are  earfyextubation  and 
patient  mobilization.  Patients  vrim  are  uang  die  VAD  as  a  bridge  to  cardiac 
trauplant  have  an  unnecessary  invasive  lines  removed  by  post-op  day  four  to 
minimize  risk  (Abou-Adwi,  1991).  Adequate  mitritioa  also  has  been  identified  as 
a  key  to  preventing  infections  (Pierce  et  aL ,  1989). 

A1twri«i  in  tnAmiy  to  VAD  insertion.  Complications  associated 
widi  inmoobility  such  as  pneunMmia  arid  skin  breakdown  rieed  to  be  avoided. 
Prolocds  for  activify  levels  are  used  to  guide  die  VAD  patient's  rehabilitation 
process  to  prevent  dieseoonqdications.  Ea^  ambulation  is  e^iedalfy  irnporiant 
for  die  VAD  patients  awaiting  cardiac  tranqdant  who  needs  to  inqaove  dieir 
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physical  cooditioa  for  a  better  post-tnnsplaiit  outcome.  Patients  who  remain 
sedated  and  paralyzed  present  flie  greatest  challenge  to  the  nurse.  Forthese 
potiailSy  proper  body  alignment  and  frequent  repositioning  ate  critical  Air 
mattresses  or  spedalty  beds  offer  another  alternative.  Physical  tiienqpy  starts 
within  twenty-four  hours  after  VAD  insertion  to  prevent  musculoskeletal 
breakdown.  Passive  range  of  motion  is  the  initial  intervention.  Astiiepetienfs 
condhion  permits,  tile  patient  is  encouraged  to  get  out  of  bed»  increasing  activity 
level  as  toloated.  Within  two  weeks,  tiie  patient  ambulates  in  tiie  room.  Bywedc 
tiiree,  the  patient  ambulates  in  tike  hall  and  rides  a  stationary  bicyde  in  tile  room 
(Ley,  1991;  Reedy  aL ,  1989). 


tiienctiseofthe  VAD.  Other  incHcatats  are  used  to  assess  tiiegsstromtestinal 
function  such  as  daity  weights,  Uboratoiy  vahies,  nasogastric  tube  remduals,  and 
presence  of  flatus  or  slod.  The  inyoctance  of  adequate  nutrition  cannot  be 
stressed  enough  to  prevent  oonqdications. 

Potential  for  irntriticMul  tn  limited  tntefa.  mid  m  increase 

metabnlig  Hemand  The  goslforVAD  patients  istoacliierve  a  pootivenitrogen 
balance.  This  balance  is  evident  by  staMe  daily  wei^its  and  normal  laboratory 
values;  such  as  dbctrctiytes  and  protein  levels.  TUbe  feedings  diould  start  as  soon 
as  iwtiiial  function  returns  to  the  boweL  Idealfy,tubefeeding8stattwitiimfocty- 
dght  hours  after  VADinsation(Lty,  1991).  'nibe  feedings  provide  a  source  of 
nutiitian  and  protect  tile  mucosal  lining  of  tire  gastroirttestirud  tract  Parental 
nutrition  can  siqiitiement  enteral  feedings  if  tiie  patient  is  unable  to  utierate  tile 
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full  daily  lequiraiients.  Recommended  daily  intake  Aould  exceed  3,000  cal/day 
(Ley,  1991;  Reedy  et  al. ,  1989).  bi  addidoa  to  tube  feedings  providing 
initiMooal  siqipoil,  tube  feedings  protect  against  bacterial  translocation  dirougli 
the  gastrointestinal  tract  Bacterial  trandocadon  is  thought  to  occur  during  low 
flow  states  and  ultimate^  to  lead  to  MSOF  (Rnk,  1991). 

Gcnitowinaiy  System 

The  m^iod  of  assessment  for  the  genitourinaiy  system  for  VAD  patients  is 
essentially  unchanged.  The  inqMrtant  point  is  the  significance  renal  failure  has  in 
regards  to  VAD  patient  survivability.  Renal  fidhire  is  die  greatest  n^ative 
indicator  for  survival  with  VADs  (GddingetaL,  1992;  Pennington  et  aL ,  1989; 
TemnihienetaL,  1989; BemhardetaL,  1985).  These fhufingssi^potts die 
signifkamoeofmonitorii^renalfuiictionandtoiniiiiinize  potential  renal 
con^dications. 

Phtoitial  for  altemrinn  in  tiwaia  parfimt^;  twnal  faihiw.  to  low  cardiac 

SBitpuL  Acute  tubular  neoosis  from  prcdonged  hypotension  or  a  low  flow  State  is 
draught  to  cause  postopoadve  renal  faihne  (Swartz,  1992;  Ruzevidi,  1991). 
Renal  funcdon  is  measured  by  monitoring  fhnd  intake  and  output  in  addition  to 
hdracatoiy  values.  Lfrine  output  should  ronain  greater  diat  0.5  to  1  oc/kg/hr 
indicating  adequate  petfuaifln  to  die  Iddneys.  Laboratory  studies  ^e  a  mote 
detailed  indication  of  renal  function,  focusing  on  electtt^rte^  BUN  and  creatinme 
values.  Anodiercontiibutiiig  factor  to  renal  padiology  is  hemoglobinemia. 
Hdncdysis  occurs  from  die  cardiopulmonaty  bypass  madiine  and  is  cleared 
duou^  die  kidneys  widdn  the  first  twenty'four  hours.  PerristenthenKdysis, 
lasting  longer  dian  twenty-four  hours,  indicates  a  current  proMem.  Plasma 
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hemoglobin  levels  detennine  tibe  amount  of  hemolysis  occurring  (Henker  et  aL , 
1991).  Adjusting  the  VADparameteis  decreases  hemolyas.  Then|)ies  to  conect 
renal  failure  imbalances  include  ultrafiltiiUion,  peritoneal  dialysis,  or 
hemodialysis  (Barden  &  Lee,  1990). 


The  heart  rqxesents  mote  to  sodely  dian  just  a  muscle  diat  pumps  blood 
^enloCT,  1991,  p.  604).  A  person's  emotions  are  linked  to  die  heart 
Recognizing  the  significance  die  heart  to  die  patient  and  famify  enablesdie 
nurse  to  better  understand  n^iatdiis  illness  means.  Ventricular  assist  devices  are 


used  as  a  last  ditch  effort  to  save  someone's  life,  indicating  die  use  of  VADs 
rqaesents  a  family  crisis  of  immense  propordons.  Cri^  management  and 
continual  psychological  si^poit  foe  bodi  die  patient  and  die  f amity  are  ineperative 
(Barden  &Lee,  199(^lbavnak& George,  1989). 


IVidithe 


heart  having  such  emotional  significance  attached  to  it,  padents  may  fed  they  are 
losing  a  very  apedal  part  of  dienasdves.  Inform  die  patient  and  famityidiat  is 
invdvedwidi  die  day-to-day  living  widi  a  VAD  as  a  life-line.  Discuss  potential 
imfdicatioos  for  life  changes.  Encourage  veAalizationc^  die  patient's  and 
fiunity's  feats^conoeais  and  anger  assodatedwidi  the  need  for  a  VAD.  Incases 
vhere  die  patient  is  intubated  or  heavily  sedated,  provide  an  ^ipropriate  mediod 
to  fadlitate  comnninication.  Convey  enpadqr  and  understanding  to  die  patient 
and  finnity  and  offer  odiCT  support  networks  to  Irty  die  patient  grieve  die  change 
infifeatyle  (Stetidi,  Enopey,  &  Saanaor,  1^6).  Thepaticnifspeycfadopcal 
oudodc  influences  die  chance  for  reoov«iy(Ruzevicfa,  1991). 
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Potential  alteration  in  individugl  atiH  fiwnily  coping  related  to  life  tfireatening 
illness.  Achievement  of  die  goal  to  hdp  r<«tientg  and  famify  monbets  cope  more 
^ectively  during  a  crisis  situation  relies  on  decreaang  the  level  of  fear  and 
anxieQr  associated  with  tile  illness.  The  patient  and  famify  are  grieving  tiie  loss  of 
a  lifestyle,  hopes  or  dreams.  Nursing  needs  to  siqipoct  die  patient  and  family 
tinough  die  stages  of  grief  at  a  pace  diat  allows  an  adequate  levd  of  functioning 
(Baas&Johantgen,  1988;  Hcnk»etaL,  1988)  Anger  is  a  nonnal  phase  in  die 

grieving  process  hm  can  he  niintniiTadthrnMghshfinnriintWi^iwwiingnfrii#- 

situation.  Devdoping  a  trusting  relationriiip  between  die  primary  nurse  and  the 
patient  /  family  is  essential  in  order  to  ofid  effective  siqjpott  dnoug^Kxit  die 

hoqdtalization.  Open  cnmnninicariAn  anri  active  listening  ate  VmyK  frt  estiJJishing 

a  trusting  relationsfa^i.  AH  questions  must  be  answoed  honesty  at  die 
appropriate  levd  ofunderstandingwidi  a  realistic  atmoqdiere  of  hope.  Remain 
calm  and  reassuring  to  die  family  at  all  times.  Initial^,  daily  confoences 
between  die  primary  nurse,  phyridan  and  die  family  offer  the  family  a  direct  line 
of  information  ladiendif^deqieratety  need  answers.  Prqiare  die  patient  and 
famity  for  any  procedures  or  tests  to  deoease  die  levd  of  anxiety  of  somedung 
new. 

Anodier  mediod  to  increase  die  levd  <rf  functioning  widm  die  family  is  to 
facilitate  fiunilyvidting.  Individualize  viating  hours  to  acoornmodate  the 
fiunity's  needs  and  allow  for  ptivaty.  The  patient  and  famity  need  time  to  woric 
duouglidds  stressful  experience.  Famity  roles  are  temporarily  or  permanently 
altered.  The  patient  nuqr  become  dqnessedwidi  die  feeling  (tfd^iendenty  to 
odMeaaiddieVADfarsiqipott  By  giving  die  patient  dioioes  in  die  daity 
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sdMdule,tibepatieiit'ssenseofmdepeiide&ce  may  increase.  Encoun^  die  patient 
to  maintain  his /bar  identity  as  much  as  possible  in  the  hDsptal  setting. 

Weaning 

The  dedsioQ  to  wean  die  patient  off  the  VADsiqiport  is  based  on  oiteria 
relating  to  die  fecoveiy  of  die  native  ventricles.  Patients  who  required  die  VAD 
siqipoitduetocardiomyopadiy  donotwean.  The  VAD  is  a  bridge  to  transplant 
until  a  donor  heart  can  be  found  (Whitman,  1990).  The  importance  of  predicting 
\riien  a  patient  can  wean  fiom  the  VAD  stems  from  the  positive  correlation 
between  the  lengdi  of  time  on  VAD  siqipoct  and  die  rate  of  collocations, 
indication  of  ventricular  recovery  is  determined  by  the  native  heart  contribution 
to  die  total  cardiac  outyuL  Subtracting  die  VAD  flow  rate  fitom  die  total  tystonic 
Uood  flow  (^es  die  native  heart's  output  CTqdhz,  1^)*  Weaning  trials  are  not 
attenqiCed  until  aftw  die  VAD  is  in  {dace  for  more  dian  twenty-four  hours.  This 
time  fiame  was  estaUished  from  research  findings  rqwfting  poor  patient 
outcomes  if  weaned  earlier  dian  twenty-four  hours  (TetmuhlenetaL,  1987).  If 
dun  is  no  potential  for  weaning  widnn  die  first  weel^  it  is  recommended  to  ]dace 
die  patient  on  die  list  for  tramplantation. 

Weaning  protocds  vary  from  institudon  to  institudon.  The  mediod  of  weaning 
depends  on  die  type  of  device  inserted.  Aweswng  die  patient's  readiness  to  wean 
from  die  VAD  is  tested  daily  by  an  onroffiqipfoach.  Turning  off  die  VAD  for  IS 
seconds  allows  die  nurse  to  assess  the  ahiUty  of  die  native  ventride  to 
accommodate  an  increased  amouDt  of  Mood  flow.  Left  arterial  pressure  grades 
dm  weaning  process  Ity  determining  die  hearts  leadiiiess  to  assume  die  full  work 
load.  If  die  kft  atrial  pressure  rises  to  greatradian  30  mmli^  die  patient  is  not 
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teadytowean.  If  the  left  atrial  pressure  lemams  between  20  and  25  mmHg  for  60 
seconds  phis  maintains  a  systolic  pressure  greater  dum  100  mmHg,  a  cardiac 
ou^nt  is  measured.  The  cardiac  index  must  be  at  least  2.0  L/m^n2  to  continue 
die  weaning  process  (Tq>]itz,  lOQC^RiizevichetaL,  1988;  Gaines  etaL,  1985). 
Clamping  the  cannulas  during  die  on-off  periods  causes  an  inneased  li^  for 
thrombus  fannadonCPeanmgtonetaL,  1989).  ff  die  patient  is  ready  to  wean,  the 
VAD  flow  rate  is  reduced  by  fiffy  percent 

Another  method  to  predict  die  alrilily  to  wean  is  1^  giadualty  redudng  die 
VAD  flow  rates  1^200  to  400  mi/min.  This  mediodc^  weaning  allows  die  native 
ventricle  to  assume  die  workload  mote  greduaL  Constant  assessment  is  necessary 
to  detmmine  if  die  native  ventricle  is  o^Mdde  of  weaning,  ff  die  padent  tolerates 
die  inoeased  flow  rates  for  four  to  ax  hours,  die  VAD  is  reduced  by  anodier  fifty 
pocent  Hqwrinjxation  is  recommended  at  this  point  <rf  the  weaning  process  to 
prcYcnt  dironibo^  formation  unless  dm  device  already  required  hqierin 
administration  (Reedy  etaL ,  1989). 

nmumatic  VAD  systems  offer  a  variation  to  flow  weaning.  Weaningcanbe 
done  similar  to  die  lABP  by  adjusting  the  fite(pieoqr(^si9poit  Usingdiefixed 
mode,  VAD  support  can  be  titrated  to  evoy  second  or  ddrd  heart  beat  hfinimal 
VAD  rate  is  40  bpm.  The  rdler  and  centrifugal  qfstemonty  wean  by  flow 
adjuatment  The  key  to  weaning  is  total  awareness  of  die  patient's  hemoc^mamic 
status  and  die  tederanoe  to  die  weaning  process. 

Removal  of  die  VAD  occurs  after  die  patient  is  maintamed  on  a  low  flow  rate 
of400to600mlftiiinforapptoxiiitatdy  eig^ittotwdvehouisCreplitz,  1990). 

The  goal  of  weaning  is  to  remove  die  VAD  widi  minimal  vasoactive  dn^  support 
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Biveotriailar  siqjpott  may  warrant  two  weaning  processes  due  to  die  ventricles 
recovering  at  different  rates  (Whitman,  1990). 

Etfiical  Conaderations 

The  goal  of  drculatofy  as^  devices  and  die  ardiictal  heart  is  to  inqaove 
quality  of  life  as  well  as  to  save  lives  according  to  die  Cardiology  Advisory 
Committee  die  National  Heart  Lung  Blood  Institute  (NHLBI).  The  Cardiology 
Advisory  Committee's  i^osophy  is  if  dioe  are  a  substantial  mimber  of  people 
whom  a  device  would  benefit,  is  cost  effective^  and  die  device  is  not  irdmentiy 
dangerous  or  dehumanmng,  it  is  appropriate  to  proceed  widi  die  development  of 
a  permanent  device  (Cardidogy  Advisory  Committee^  1977).  Sodety  must  face 
die  difficult  dedsion  concerning  die  allocation  of  resources .  Estimated  total  cost 
for  a  permanent  artificial  device  is  $150,000  in  1983  dollars  (Van  Otters  et  aL , 
1985).  This  figure  indudes  die  implantation  and  maintenance  costs  for  die 
projected  four  and  one-half  years  of  survival  ejqiected  widi  a  permanent  device. 
The  cost  for  a  VAD  is  oonqMiable  to  odier  high  cost  dienques  such  as  heart 
transplantation,  renal  dialysis  or  bone  marrow  transfplantation.  Butwide^iread 
use  of  high  cost  tecfandogy  diqdaoes  funds  diat  might  be  invested  more  wisely. 
For  examine,  fatnity  {danning,  prenatal  care  programs,  well-baby  clinics,  dental 
and  visual  screening  have  been  djscontimied  or  drastically  cut  due  to  lack  of  funds 
(Krdteln;  1988).  Sodety  expects  availability  and  success  widi  ad  medical 
tedmdogywidioutaocqiting  die  costs.  The  eddcal  dUemma  fadng  sodety  is 
distiibutive  justice,  bow  to  fidity  cHstiibute  die  limited  availalde  resources. 
Ventricular  assist  device  technology  provides  a  needed  treatment  modality.  The 
question  is  not  nbedier  VAD  techndogy  diould  be  pursued  but  how  all  high-cost 
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tedmology  is  going  to  be  dispersed. 

Shiimnfliy 

Management  of  the  VAD  patient  is  cnKiai  to  inqiiDve  survivability.  Thorough 
twagfiSianent  and  evaliiarinn  nf  die  patient  and  tfie  device  ensure  adequate  perfiision 
necessary  to  achieve  positive  patient  outcomes.  Eatty  detection  of  problems 
decreases  tile  extent  and  sevoity  of  complications.  Eaily  weaning  is  crudal  to 
prevent  con^licationsfirequenttyassodatedwitiiVADsi^port  Etincal  concerns 
deal  witii  tiie  use  of  high  cost  technology,  not  unique  to  VAD  technology. 

Society  needs  to  face  difficult  choices  concerning  all  high  cost  tedmctiogy. 
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C11AFTER4 

ImpHcatioos  for  Advanced  Nursing  Practice 

Hie  interaction  between  human  physiology  and  VAD  technology  creates  a 
^mamic,  multi-system  situatica  To  ensure  positive  patient  outcomes,  both  the 
proper  device  functioning  and  adequate  patient  perfusion  need  consideration.  The 
Amaican  Assodation  of  Critical  Care  Nurses  (AACN)  bdieves  the  critical  care 
clinical  nurse  qiedalist  (CNS)  is  essenti  d  to  the  management  of  conqilex, 
systems-relatcd  patient  problems  (AACN,  1989).  Optimal  patient  outcomes 
necesntate  integrating  the  five  rdes  of  tiie  CNS  to  dfectivefy  and  dfidently 
manage  VAD  patients.  Eiqwrt  clinical  sMUs  and  in-dqptii  knowledge  enables  tiie 
CNS  to  anticipate  and  to  evaluate  tile  unique  needs  of  tile  VAD  patient  and  tile 
family. 

Advanced  Practitigpcr 

Ihe  CN  S  masters  cognitive  and  psydiomotor  skills  necessary  for  diagnosis, 
treatment,  and  evaluation  of  the  human  reqwnse  to  actual  or  potential  life- 
threatening  ptoUems  (AACN,  1989).  Ventrkular  assist  device  tedmdogy  affects 
every  system  in  tiie  human  body.  Evaluating  tiie  human  response  to  the  VAD  is 
inqiaative  to  manage  care  for  tins  unique  patient  population.  The  CNS  has  tiie 
necessary  to  evaluate  VAD  effectiveness  in  relationship  to  tiie  human  body. 

Eariy  interventions  eliminate  potential  Hfe-tiaeatening  emergencies  and  promote 
positive  patient  outcomes. 

The  CNS  also  is  responsiMe  and  accountaMe  for  developing  standards  <rf  care 
and  protoeds  for  nursing  practice.  Protocols  and  standards  of  care  incorporate 
research  findings  into  practice  to  promote  quality  patient  care.  Protoeds  designed 
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for  VAD  patients  target  potential  conq>lications  associated  with  die  device.  The 
rationale  for  instituting  interventions  befcne  a  problon  devel(^  is  to  reduce  die 
inddence  of  cooqilications.  For  exan^le,  VAD  protocols  focus  on  activity 
idiabilitation,  antibiotic  thnapy,  and  anticoagulant  Hatsupy  to  hel^  the  staff 
address  potential  problems  before  common  camplications  assodated  widi  VAD 
technology  occur.  Evahiation  of  these  protocols  determines  die  effectiveness  of 
die  qiedfic  intervention.  Nursing  researdi  lacks  in  evaluating  effectiveness  of 
nurang  interventions.  TheCNSiscnicialtoactivefypeitidpatemnotontydie 
devdopment  and  institution  of  research-based  protocols,  but  also  must  evaluate 
organizatianal  pdides  and  standards  to  promote  quality  patient  care. 

By  virtue  of  die  clinical  eiqiertise  and  in-dqidi  knowledge  of  a  particular 
clinical  population,  CNSs  are  eiqiett  coaches  to  the  patients  vihile  role  modeling 
for  die  staff  (Koettns,  1989).  The  technological-dqiendency  of  VAD  patients 
places  die  patient  and  family  in  an  unfamiliar  environment  The  staff  also  is 
typically  unfamiliar  with  VAD  tedmology  due  to  die  infrequency  of  VAD 
utilization.  The  CNS  is  instrumental  in  ix)tonty  guiding  the  patient  and  family 
diroi^  a  life-dneatening  crisis  but  fosters  learning  widi  the  staff  on  die  workings 
of  die  VAD. 

Rde  modding  is  anodier  benefit  of  direct  patient  care  by  the  CNS.  IheCNS 
serves  as  a  guide  of  excellenoe,  demonstrating  timely,  quality ,  cost-effective 
eiqMrt  nursing  care  (Menard,  1987).  This  encourages  die  staff  to  strive  for  die 
samelevdofexcelknoeasdieCNS.  But  CNS's  role  nmdeling  goes  b^ond 
bedside  nursing  to  promote  all  selects  of  professional  nursing.  The  combination 
of  advanced  education ,  «qpert  cdinkd  practice,  inter  profesdonal  relationdups, 
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and  involvemait  in  ptofessiofial  activities  colors  the  staff's  poceptionof  die 
CNS  role  and  nursing.  The  poddve^jnofesaonal  image  die  CNS  provides  while 
caring  for  VAD  patients  encourages  othns  to  provide  die  same  high  quality  care. 
By  documenting  specific  eiqieriences  widi  VAD  patients,  CNSs  can  aid  other 


care  for  future  VAD  patients. 

A  final  contribution  of  die  advanced  {ffactitioner  is  as  a  clinical  resource.  The 
CNS  must  be  a  skilled  dedaonmakn  (Menard  1987).  If  unsure  of  an  answer, 
die  CNS  must  strive  to  find  an  answer  m  a  timety  manner.  TheCNSmustbe 
reliable  and  dqiendable  vriien  asked  to  heh>  die  staff  or  die  patient  for  an  answer 
toaquestion.  Dependability  maintains  the  confidence  of  die  staff  and  die  patient, 
fadlitating  the  effectiveness  of  the  CNS. 

Edrical  and  legal  concerns  also  challenge  the  staff  and  CNS  when  caring  for 
VADpatients.  TheCNS  uses  collaborative  efforts  widi  other  health  care 
professionals  and  die  institution's  bioedncs  committee  to  give  direction  and 
siqiport  to  die  staff  on  qiedfic  patient  situations.  The  advanced  practitionCT  role 
overlaps  frequentty  widi  die  odier  CNS's  roles  of  educator,  consultant,  researdier, 
andmanager.  The  CNS  must  assume  the  role  most  beneficial  to  acconqilirii  the 
taskathand.  The  ultimate  responsibility  of  the  CNS  is  the  patient's  welfare.  Ifat 
any  time  die  patient's  welfare  is  severely  conqiroimsed,  die  CNS  must  step  in  and 
act  as  a  dinkal  eiqieit  to  ensure  patient  safety. 

PAM«»trir 

Education  ofpatients,  families,  and  staffhinges  on  die  CNS's  ability  to 
anti^Mte  patient  and  staff  needs.  Assessment  of  patient  and  staff  needs  directs 
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die  CNS  to  plan  a]>pro{niBte  intoventiGiis.  Staff  fiist  must  assess  die  padoit's 
perception  of  the  illness  and  thepatient^s  readiness  to  learn  before  beginning  to 
teacbapatient  Ibe  perception  of  the  illness  is  oudal  to  die  patienlfs 
pqrcliological  outiook  and  willingness  to  learn  whidi  diiecdy  influences  patient 
outcome.  Evaluation  of  die  patient^s  perception  is  critical  to  caring  for  VAD 
patients.  The  connection  between  die  heart  and  people's  mnotions  may  cause  an 
added  fear  to  the  hoqntalization  for  VAD  patients.  HowdieVAD  patientviews 
the  illness  and  it^s  in^wct  on  die  future  lifestyle  may  warrant  aHHitinnul  time  to 
IKOcess  the  in^ficatioosassodatedwidi  the  need  for  VAD  tedmology.  TheCNS 
is  instrumaital  in  inylementing  appropriate  siqaport  services  to  bdp  die  VAD 
patient  and  family  adjust  to  die  various  changes.  Coordination  between  die  CNS 
and  other  disc^lines  such  as  di^aty,  physical  dmapy,  and  occupational  therapy 
helps  prevent  information  overioad  for  the  patient  and  family. 

The  goal  for  die  CNS  is  to  provide  effective  learning  for  eadi  individual 
patient  duoughout  die  hoqntalization  (Priest,  1989).  Evaluation  is  an  integral  part 
(rf  the  learning  process  and  must  be  incorporated  into  die  learning  strata  to 
ensure  ^active  learning.  A  studty  on  lABP  instruction  to  patients  and  famify 
menibas  documented  patients  and  families  prefer  individual  instruction  ovct 
audiovisual  methods  (Goran,  1989).  Thne  restraints  limit  the  use  of  individual 
irwtniction.  The  ben^t  of  written  instructions  and  video  tqies  is  die  option  for 
die  family  to  refer  back  to  information  when  diey  are  mentally  and  onotionally 
readty  to  receive  more  eiqdicit  information. 

The  CNS  educates  die  staff  by  acting  as  a  rede  modd  in  actual  patient  care 
activities  and  l^organmng  formal  inservice  programs.  Ongoing  inservice 
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progRons  or  workshops  are  suggested  to  keep  tihe  staff  familiar  with  the  VAD 
system  (Qeavinger  et  al. ,  1989;  Swartz  ^  aL ,  1989).  Tbe  infrequeiK^  of  VAD 
patients  in  the  critical  cate  setting  illustrates  the  inqwrtant  role  die  CNS  occupies 
to  maintain  quality  care  witii  the  VAD  patient  TheCNS  can  save  as  a  resource 
person  to  help  staff  identify  potential  and/or  actual  patient  problems.  Anotiia 
conqxment  of  the  CNS's  «diM»«rinn«l  role  with  VAD  patients  is  to  public  articles 
on  VAD  tedmology  and  personal  eiqiaience  caring  for  VAD  patients. 
Dissemination  of  information  conoeming  tiie  care  of  VAD  patients  among  health 
cate  professionals  is  essential  to  inqnove  patient  outcomes. 

Consultant 

As  tile  CNS  becomes  more  proficient  in  tiie  ntie^  tiie  focus  of  practice  changes 
fiom  dkect  patient  care  to  more  scholarly  activities  and  consultation. 
Consultation  is  a  process  of  communicatioo  between  professionals.  It  is  a 
cdlabotative  relatiorediip.  The  goal  of  consultation  is  acquisition  of  problem 
solving  skills.  The  CNS,  as  a  consultant,  openly  fecusseswhiditcqwnsibilities 
are  to  be  shared,  ^vided,  or  assumed  by  each  healtii  cate  professional  (Banon, 
1989).  Through  negotiation  of  roles,  tiie  CNS  clarifies  tiie  reqwnsibilities 
assodated  witii  tins  conq>lex,tiiulti-disciidine  clinical  problem  <^ptovi(fing 
VADsiqipoit. 

Corisultationcanbeaforinalprocessiiiitiatedby  a  written  contract  or  an 
informal  process  of  ■««««>«£  and  giving  recommendation  to  a  qiecific  probleoo. 
Fbrmal  consultations  may  come  fiom  outside  tiie  critical  cate  area  or  institutioiL 
hifonnal  consultation  can  occur  during  patient  rounds.  Managing  the  VAD 
patient  tequiies  tile  CNS  to  use  consultation  to  coordinate  witii  otiierrdated 
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disdplines  ttie  plan  to  provide  optimal  care  for  tiiis  complex  patient  group.  The 
CNS  maintains  commumcatioa  with  the  Tran^lant  Program,  Infectious  Disease 
Department,  Hematology  Department,  Bi(»nedical  En^neeis,  and  others  essential 
departments  to  effectively  plan  the  care  for  VAD  patients. 

The  CNS  is  in  an  ideal  position  to  bridge  die  gap  between  research  and  clinical 
practice.  The  CNS  needs  to  e^qMnd  die  sdendfic  knowledge  tiiat  current  nurang 
practice  is  based  only  utilizing,  facilitating,  and  conducting  rnirang  research  in 
the  critical  care  setting  (AACN,  1987).  Research  findings  iiiq)tove  patiart  care 
only  if  die  findings  are  disseminated  and  utilized  by  die  bedside  nurse.  TheCNS 
is  reqxnsible  to  incorporate  research  findings  into  protocols  and  standards  of  care 
to  establirii  unit-based  expectations  of  patient  care.  The  CNS  also  may  need  to 
act  as  a  change  agent  to  fadlitateinylementation  of  new  standards.  Actual 
research  oideavofs  may  not  be  a  practical  option  in  all  environments.  TheCNS 
must  assess  die  institution's  readiness  for  and  commitment  to  researdi  before 
starting  a  research  project 

Odier  opportunities  to  partidpate  in  researdi  besides  conducting  actual  studies 
include  roundtable  discussions  on  current  researdi  findings,  collaboration  in  odier 
studies,  or  quality  assurance  investigations  (McGuire  &  Harwood,  1989).  A  basic 
research  eiqiectatioo  of  a  CNS  is  to  evahuUe,  communicate,  and  incorporate 
research  findings  apfdicaUle  into  dinical  practice.  Identifying  potential  researdi 
questions  fiom  clinical  problems  is  another  esqiectatioo  from  the  American 
Nurses'  Association  Guddines  for  die  Investigative  Functions  of  Nurses  (1981). 

Nursing  researdi  widi  VAD  tedmdogy  is  limited.  The  majorify  of  studies  are 
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descriptive  studies,  listing  patient  complicatioos  and  outcomes  associated  with 
VAD  sqpport  Henker,  Smith,  &  Murdaugh  (1988)  looked  at  tiie  effects  of 
nursing  intervoations  on  cardiac  output  in  patients  witii  a  total  aitifidal  heart 
(TAH).  A  major  limitation  of  the  stuicfy  was  the  small  sample  size  (N»  6). 
Obtaining  a  large  eoougjh  san^le  size  for  generalization  continues  to  present  a 
problem  in  conducting  research  on  new  tedmology  such  as  VAD  si^jport 
Another  reason  the  findings  of  Henker,  Smith,  &  Murdaugh  study  caimot  be 
generalized  to  all  VAD  patients  is  due  to  the  difference  between  partial  stqipoft 
witii  die  native  heart  contributing  to  die  total  cardiac  ouQxit  and  total 
hmnodynamic  control  seen  witii  tiiie  TAH.  Suggested  areas  of  future  research 
include: 

1)  die  effect  of  podtionh^  on  hemodynamic  parameters 

2)  the  effects  of  nursing  interventions  on  partial  VAD  support 

3)  die  diffineoce  in  die  amount  of  blood  products  used  between  die  pneumatic 
systmn  and  the  centrifugal  system. 

4)  the  chfferencebdwecn  left  VAD  cardiac  outsit  measuranents  as  conqjared 
to  a  pulmonary  artery  cathrtCT  readings  (computer  accuracy  vs.  the  standard 
diennodilution  medio^ 

5)  die  effectiveness  of  the  various  VAD  protocols  (Le.  antibiotic  protoctd  and 
infection  rates) 

6)  die  effectiveness  of  family  teaching  in  regards  to  amdety  levels 

7)  die  patient's  perc^on  on  die  quality  of  life  widi  VAD  siqipott 

8)  the  impact  of  die  CNS  has  on  patient  and  family  satisfaction 

9)  the  rate  (tfcomidicatioiis  in  units  w^  a  designated  CNS  and 
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without  a  CNS 

QndieVADsu|>pQitteaiii,areseardipeisGii  is  assigned  to  collect  and 
evaluate  date.  Another  role  of  die  research  person  is  to  coordiiiate  r^ulatoiy 
affairs  and  multicentered  stupes  (Swartz  tl  al. ,  1989).  The  CNS  is  idoitified  as  a 
keyposcn  to  collaborate  with  die  researdi  person  or  actually  be  die  research 
poson  for  die  VAD  teariL 

Manager 

Caring  for  V  AD  padenls  is  both  a  multi-system  and  a  midti-discipliiie 
problem.  This  (fynamic  interaction  creates  a  challenge  to  coordinate  effective^ 
all  aspects  of  care  necessary  to  achieve  positive  patient  outcomes.  The  CNS 
combines  management  and  leadership  sldlls  to  positivdy  infhienoe  the  delivay  of 
padent  care  (Goutnic,  1989).  Maru^onent  focuses  on  the  arganizatiooal  goals. 

A  manager  sets  otgecdves,  organizes,  motivates,  and  communicates  d^se 
objectives,  measures  performance  and  most  inqxirtandy  develops  die  potential  of 
die  peo{de(Gouniic,  1989).  A  leadn  influences  positive  dhangel^ 
communication  and  moral  bmlding.  Both  personal  and  professional  goals  are 
inqxiftant  widia  leader. 

Clinical  nurse  qiedalists  may  have  a  line  position ,  giving  legitimate  powa  to 
implanent  change.  But  a  line  position  potentially  can  cause  die  CNS  to  trade-off 
staffs  openness  and  comradery  with  die  legitimate  audiority  to  enforce  necessary 
change.  Whed]CTinalineorstaffpo6itioii,dieCNSasamanagCTisrespoiiaUe 
to  evaluate  staff  performance  and  the  quality  of  patient  care.  Evaluating  die  staff 
and  patient  care  influenoes  the  {darning  of  future  programs  and 

researdi  activities.  Again,  cooibinmg  all  the  roles  of  the  CNS  to  provide  quality 
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care. 

Cost  contaimnoit  is  anodier  reality  of  today's  economic  enviroomeot  Hie 
CNS  is  instrumental  to  the  organization  by  implementing  cost  saving  sttat^es. 
Patioit  selection  and  prevoitative  measures  against  conqilications  reduce 
ineffective  utilization  of  VADtecimology.  Hie  CNS  must  take  an  integral  part  in 
fl5se55sing  factors  to  decrease  morbidity  and  mortality  assodated  widi  V AD 
siqipoct  Product  evaluation  of  hems  used  widiVAD  patients  is  anodier  area 
CNSs  can  actively  participate  in  analyzing  and  saving  die  organization  money. 
Mario^ing  die  CNS 's  expertise  widi  V  AD  technology  can  generate  revenue  for 
the  organization  by  offering  programs  and  consultation  services  to  other 
institutions.  As  a  manager,  die  CNS  is  keenly  aware  of  die  organization's  goals 
and  financial  vial^ty. 

Shmnmary 

Hie  CNS  blends  the  roles  of  advanced  practitioon;  educates,  consultant, 
xeseardiCT,  and  mani^CT  to  enhance  die  quality  of  patient  care.  Advanced  nuimng 
practice  promotes  the  orderly  transfer  of  technology  from  the  laboratory  to 
clinical  practice  in  VAD  patients.  Hie  CNS  fadlitates  collaboration  between 
health  care  professions  culminating  in  a  synerpstic  process  of  achieving  optimal 
patient  outcomes.  Effective  inter- and  intra-disdlplineworic  promotes  safe, 
effective,  hdistic  quality  care  for  VAD  patients  and  dieir  family. 
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